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Abstract 
Due to the changes within the climatic conditions over the past decades, a number of 
livelihoods and ecosystem services particularly within the marginal communities have been 
affected through a series of natural disasters hence the need for more innovative adaptation and 
innovative measures. We examined the impacts of climate change on the ecosystem services 
and the livelihoods which has accounted for loss within the Great Limpopo Transfrontier 
Region, a transboundary area. We used the different questionnaires and key informant 
interviews to get the data on people’s perceptions on the ecosystem services, natural disasters 
encountered, demography, landscape change and how their livelihoods are oriented. The 
landscape over the past 20 years has changed drastically as a result of different drivers. 
Additionally the weather data to confirm the change of climate over time was taken from the 
regional meteorological station which provided data from over 6 decades ago. Data was coded 
into google sheets and later into excel spreadsheet to allow for analysis. Descriptive and time 
series analysis were used to analyse the given data analysing the trend of weather parameters 
over the past 6 decades and also how the climate has effected the livelihoods and contributed 
to landscape change over the past years. Weather parameter over the past 6 decades from 1950 
showed an increasing trend in maximum average temperature whilst in contrary the average 
annual rainfall was decreasing. Out of the 56 questionnaire participants and the 8 key informant 
interviewees, over 80% agreed on the occurrence of natural disasters mainly drought and floods 
which have affected the ecosystem services and their livelihoods since they rely mostly on 
subsistence farming. The respondents also agreed that the landscape has changed over the past 
20 years showing how the dynamic pattern has been influenced by different drivers. However 
most provisional ecosystem services are highly available whilst some of the regulatory services 
have been facing overwhelming challenges due to change in climate. All the 8 key informants 
agreed on the change of the weather pattern and how it has affected game animals within the 
conservation precinct and also the services provided by the ecosystem through natural disasters. 
Therefore suggestions require more robust innovations of climate smart agriculture (CSA) and 
ecosystem based adaptation (Ecosystem Based Adaptation) strategies for survival and uplift of 
human livelihoods.  
Key Words: Climate Change, Ecosystem Services, Livelihoods, Ecosystem based Adaptation 
(EBA),  
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CHAPTER 1 
1.0 INTRODUCTION  
1.1 Introduction and Background 
During the mid-20th century predominant activities leading to greenhouse effect became vivid 
following the industrial revolution from the previous decades. The world began experiencing 
significant planetary warming which in turn led to the changes in the climatic system resulting 
in more frequent, intense weather conditions and enormous variability in climate (IPCC 2013). 
The Intergovernmental Panel on Climate Change (IPCC) was established in 1989, under the 
United Nations to ensure provision of a scientific view on climate change and its 
environmental, economic and political impacts. The IPCC however have concluded that 
anthropogenic activities are altering the natural climate processes and if maximum effort is not 
implemented, this will continually result in gradual sea level rise, shifting of climatic zones as 
a result of extreme temperatures and precipitation changes (IPCC 2013). Areas such as the 
Northern Europe have been experiencing average rise in global sea level and alteration in 
annual patterns of rainfall with some regions receiving enormous rainfall than usual. Similar 
effects have also been experienced in Sahel and Southern Africa where increased rainfall 
frequency and intensive droughts have been encountered over the past years (Department of 
Environmental Affairs 2011). 
The natural environment and its ecosystems are the delivery medium of all products and 
services that humans rely on for survival but with the dynamic change in climate, these services 
have since been altered in terms of effectiveness and quality assurance (Zhang, Y. Et al 2012). 
Ecosystem services basically refer to “the benefits that ecosystems provide for both human 
societies and the Earth itself with reference to regulation, provision and cultural significance” 
(MEA 2005). Ecosystems have always provided a large suite of services that benefit human 
civilizations, animals, plants, and other organisms living within the Earth’s biosphere. 
However various have identified a nexus between climate change and Ecosystem services 
hence bio-diversity sustenance and ecosystem services resemble much significance dealing 
with variability in climate and reaching the UN’s Sustainable Development Goals (SwedBio 
2003). Climate change impacts on ecosystems includes a number of different impacts that may 
have health reparations, from changes hydrological status of water availability within rivers to 
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alterations of biodiversity and vector borne diseases (Leonard E.G et al 2011). Components of 
the ecosystem such as green spaces are vulnerable to climate change in many ways with 
consequential effects on health and well-being. On the other hand adaptation to climate change 
is also expected to have significant impact on the ecosystem services. Through the recognition 
that the ecosystems are the initial providers of services to life, there is an increasing attention 
with regards to “nature- based solutions” in responding climate change threats. These 
mitigation and adaptation measures which are linked to nature are usually classified as the 
Ecosystem-based Adaptation (EbA) (Vignola et al., 2009). 
 
With the increasing evidence of human influence on climate change many researchers have 
documented the interaction, effects and impacts whilst evaluating various ways in which 
climate change can be mitigated. Throughout decades the IPCC has been documenting and 
quantifying the interactive processes that govern the climate and climate change as evidenced 
by the first IPCC Assessment Report in1990. However, the results of different researches on 
climate change has refined human understanding on the direct causes and effects but has not 
yet brought out the scientific conclusion of the sequence of dynamic events which has led to 
global cause of change in climate. The primary drivers for climate change within the globe are 
attributed to Green House Gas (GHG) emissions and CO2 concentrations which have gradually 
increased during industrialisation and post industrialisation stages of human development. 
Greenhouse gas emissions play a crucial role in contributing to climate change and one of the 
main causes of greenhouse gas is transportation traffic CO2 emission. In Europe, transport is 
regarded as the biggest source of greenhouse gases with emissions which are over a quarter of 
all the greenhouse gas emissions (European federation for transport and environment 2018). 
The transport sector is considered to be one of the largest producers of greenhouse gases 
worldwide contributing 13% of the emissions of greenhouse gas (GHG).In Southern Africa 
1,027 million metric tons were emitted in 2011 with South Africa, Angola and Zambia having 
the highest total greenhouse gas emission (GHG factsheet 2015). 
Both ecosystems and livelihoods of vulnerable individuals’ area at risk of climate change 
within the global community particularly the poorest countries.  This is why the recent 
Sustainable Development Goals focus on eliminating extreme poverty, reducing inequality, 
and most importantly protecting the global environment from climate change. Some of the 
impacts on the ecosystem services include increased vulnerability and reduced resilience, 
reduced agricultural production and fisheries and aquaculture reduction where temperature 
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increase will negatively affect the stocks of marine and freshwater biodiversity i.e fish, which 
leads to devastating consequences for the aquaculture and fisheries industries (plant cultivation 
and animals in water). Uncontrolled increase of carbon dioxide levels in the atmosphere will 
potentially result in ocean acidification gradually with negative consequences on calcium-
based shells in marine ecosystems (e.g coral reefs). Collectively all these effects will have a 
negative impact in terms of food security, especially on fishing dependent livelihoods. In 
addition to the impacts on the ecosystem services a warmer climate coupled with alterations in 
drought patterns and precipitation increase, will have an impact on agricultural productivity. 
For example, shifting of growing seasons, decrease in crop production and difficulties in 
cultivation and tillage of some agricultural land. Much vulnerability however to these particular 
conditions are mainly experienced in Africa most parts of Africa. Some certain areas will 
experience decrease in harvest for non-irrigated agricultural products by 50% by the year 2020 
(Swedish Biodiversity centre 2003).  Agricultural significant ecosystem services which include 
pollination through bees might also encounter disruption through the biodiversity loss thus not 
only human livelihoods are vulnerable to climate change but also different services provided 
by the ecosystems.  
 
The effects of climate change have resulted in extreme global warming which has affected most 
parts of the world with the most affected areas being The Great Barrier Reef Australia which 
led to coral bleaching in most areas, The Alps and Alaska enormous snow melt and rise in sea 
level respectively. A large population of the world has been affected greatly by climate change 
resulting from melting of glaciers, extreme heat waves, rise in sea levels and drought related 
conditions. Extreme weather events and rising sea levels have destroyed homes, and social 
amenities which include hospitals and other essential services. Global statistics states that more 
than half of the global population reside within a 60 km radius from the sea hence would be 
impacted by the seal level rise (World Health Organisation 2018). Extreme weather conditions 
have been experienced globally with the past recent weather conditions coupled by floods are 
also increasing in both intensity and frequency, and this precipitation is expected to continue 
increasing throughout the current century (IPCC 2014). 
Increase in extreme temperatures within the past years has also been recorded with frequent 
heat waves particularly in the Sub Saharan Africa being recorded in most of the southern part 
of Africa such as Zimbabwe, Mozambique and South Africa (Bradfield Lyon 2009).This 
however has been the first time these frequent and extreme heat waves have been recorded 
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within history with extreme high temperatures reaching 45oc in the Northern Cape since 
1959(Masa Kekana et al 2016).Extreme colder temperatures have also been surprisingly 
recorded with events of snow falling in areas which have not received snow since the history 
of mankind. Some of these areas include lower Gwelo in Zimbabwe which recorded a snowfall 
30cm depth over of a small radius of 5km. More so, tropical and climate influenced infections 
and vector borne diseases in most parts of the world have also increased resulting in WHO and 
other health organisations recording epidemics of Malaria and Zika virus within the past years 
(Asad, Hina et al 2018). Climate change has impacted in a several number of ways within the 
Great Limpopo Transfrontier Region. In the year 2000, the region was affected by Cyclone 
Eline which claimed lives and destroyed infrastructure particularly in the upper Limpopo 
(Gonarezhou area). Increase in water borne and vector borne diseases were also experienced 
over the past years resulting in a number of cases within the region affecting mostly the infants 
(Andrew Revkin 2018).  
Global responsibility in climate change mitigation is attributed to the fact that climate knows 
no boundaries and therefore survival of the current and future generation and species is based 
on the amount of effort we put to take responsibility of our actions as humans. However, 
mitigation measures have been put in place as recommendations from various research 
practises which have evidenced the devastating effects of anthropogenic effects on the climate. 
The “Earth Summit” in 1992 produced the United Nations Framework Convention on Climate 
Change (UNFCCC), which was meant to raise awareness as the initial step of addressing the 
problems of climate change. This convention however currently have 197 countries that have 
ratified the convention ensure prevention of harmful human interference with the climate 
system (IPCC Fifth Assessment Report 2013). 
Recent and ongoing revised conference summits have been in progress to increase the 
knowledge and stewardship in taking responsibility to minimise climate change effects on 
humanity and the biosphere. In September 2019, The Climate Summit will be held focusing on 
the key sectors where action can make significant difference with regards to heavy industry, 
nature-based solutions, cities, energy, resilience, and climate finance (Climate summit 2019). 
1.2 Problem statement 
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The effects of climate change have impacted the globe on a greater scale resulting in several 
parts of the world experiencing harsh climatic conditions in recent years particularly in the 21st 
century. According to the World Health Organisation in the last 130 years, the world has 
encountered a gradual temperature rise and has warmed by approximately 0.85oCcontributing 
to Global warming. This means the last 3 decades have been successively warmer than any 
previous decade since 1850 (Climate Change Synthesis Report 2014). With regards to ESS 
“Ecosystem services” not much research has been done to connect the impacts of climate 
change to the ecosystem services within the Great Limpopo Transfrontier Region. A very few 
studies with reference to ESS have focused primarily on definition of the terms comparison yet 
ecosystem services are basically used to identify a wide spectrum of environmental variables 
mostly attributed to management and policy as well as understanding benefits provided by 
those environment aspects (Remme, Roy. (2016). However protected areas, with reference to 
the GLTP should seek to invest in better understanding of the ESS concept and how it is 
affected by climate change thus not only static research analysis should be done but a 
continuous provision of new knowledge should not be overlooked in order to make informed 
policies and decisions.  
Climate change within the GLTP has contributed to a significant dynamic shift in the 
livelihoods of individuals within the study area. After a major cyclone Eline disaster which 
occurred in the early 2000s contributed to infrastructure distraction and not much effort has 
been implemented to renovate the destroyed infrastructure hence people have to adapt to the 
situations caused by the change in climate. With regards to agriculture despite the growing 
interest in Ecosystem-based Adaptation which has also been facilitated by different NGOs 
within the GLTP, there has also been little discussion of how the Ecosystem Based Adaptation 
could be utilised as an assistance medium for adaptation to climate change by the smallholder 
farmers, whilst ensuring the continuous ecosystem services provision on which agricultural 
activities depends on. Water-borne diseases are strongly affected by climatic conditions and 
vector borne diseases Malaria for example is strongly influenced by climate. Transmission 
seasons of most vector-borne diseases is prolonged by change of climate and alters their 
geographic range hence each year, Malaria is responsible for over 400 000 people, mainly 
infants below 5 years in Africa. Additionally studies suggest that climate change impacts are 
more likely to increase exposure to diseases which include dengue a vector borne disease 
caused by the Aedes mosquito (Zhou XN et al 2008).  All factors remaining constant the GLTP 
is one of the well-known areas where there is high rate of Malaria with particular reference to 
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Limpopo and Chiredzi hence these impacts of climate change however have affected several 
communities over the past 3 decades and different measures to alleviate and eradicate the 
effects haven’t been fully addressed despite researches being done on a larger scale (Andrew 
Revkin 2018).Therefore the purpose of this study is to serves to continuously acquire 
knowledge on the devastating impacts of climate change particularly in disadvantaged areas on 
the livelihoods and the ecosystems in which these people thrive on so as to give solutions with 
regards to adaptation and mitigation of these impacts whilst also contributing to the board of 
knowledge.  
1.3 AIM 
 
To assess people’s perceptions with regards to impact of climate change on ecosystem 
services and livelihoods within the Great Limpopo Trans-frontier region. 
1.4 Specific objectives 
i. To identify climate change in the GLTP using the following parameters (Temperature, 
Rainfall and Humidity) 1950-2018 
 
ii. To determine how the climate impacts livelihoods in the Great Limpopo Tran-frontier 
area 
 
iii. To identify community perceptions on how climate change effects or impacts ESS in 
the GLTP (Provisional, cultural, regulatory)  
 
iv. To propose ESS based strategies and Climate Change based adaptation in GLTP that 
mitigate, and strategies allow adaptation to climate change.   
1.5 Research questions 
i. How have temperature, rainfall and humidity changed over the past decades within 
the GLTP? 
 
ii. How has the livelihoods of different individuals been impacted by the change in 
climate within the GLTP? 
 
iii. How do people perceive the effects of climate change on ecosystem services within 
the within the GLTP? 
 
iv. What are the Ecosystem services-based strategies and climate-based mitigation 
measures that can be implemented to allow adaptation to climate change? 
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1.6 Methodology 
The methodology of this research involved the qualitative and quantitative aspect of data 
acquisition in which different methods were used in the process of data collection. 
Questionnaires and key informant interviews were used as methods of data collection across 
the two countries South Africa and Zimbabwe. Other methods of data collection also included 
the acquiring of raw climate data from the local weather stations within the GLTR for weather 
parameters which include rainfall, temperature and humidity. The research design however 
included a survey research design which was coupled with random sampling of questionnaire 
respondents.  
 
Data collection was done at different periods within the two countries and was done through 
questioner administration and interviews. The research design was a cross sectional survey in 
which random sampling was applied throughout the collection process. Data analysis was 
therefore done using the time series and descriptive analysis procedures and give clarity on the 
results and suggestions for future research. 
1.7 Study Area 
 
The GLTR covers an area of 37,572 km² in area across three countries which include 
Zimbabwe, South Africa and Mozambique. The region is made up of native speaking people 
from different tribes which include Shangani, Tshivenda, Xitsonga, Shona and the Ndebele. 
Temperature and rainfall within the area is very high and very low respectively living the area 
prone to various diseases which include Malaria and other deadly diseases which thrive in such 
conditions coupled with the presence of poverty within the area of concern. Figure 1.1 below 
shows the Map of the study area (GLTR) which include two countries South Africa and 
Zimbabwe.  
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Figure 1.1 Study area map of the GLTR 
1.8 Chapter Outline 
The Chapter outline includes the Chapter one which introduces the research, Chapter two 
which seeks to describe and explain the literature with reference to the study, Chapter three 
which explain the research design and methodology, Chapter 4 which explains and analyse the 
results from the data provided and lastly Chapter 5 which gives summary, suggestions and 
recommendations for further research.  
1.6 Conclusion 
 
This chapter gives an introduction and reflection of the entire research outline from the methods 
used to collect data and the design used in analysing the overall data within the GLTR. With 
the global trend in population and urbanisation, the landscape dynamics have become vivid as 
a resultant effect of effects of climate change on the ecosystem services. This research therefore 
serves to show the perceptions of people on the degree of availability of different ecosystem 
services and the nexus between climate change, ecosystem services and livelihoods.  
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CHAPTER 2 
2.0 LITERATURE REVIEW 
2.1 Introduction 
Over the past four decades climate change has been the centre of research in which the supply 
of data regarding this global predicament has been said to be in limited supply than the rate at 
which literal events are taking place. Global researchers in different fields and disciplines of 
the environment have explored various causes and effects of climate change and most of these 
results have concluded negative effects resulting from climate change events. This chapter 
describes the literature of how climate change has affected the various communities within the 
global village despite their limited contribution to the impacts being faced. Since climate knows 
no boundaries literature was not limited to only a specific area or environment but both spatial 
and temporal considerations were included for the effectiveness of the study. 
2.2 Climate Change 
Climate change together with impacts on ecosystems and community livelihoods have 
gradually become a significant challenge in the global context with a number of resultant 
effects within the global village. With different climate change definitions being discussed in 
different literature, some of the definitions lack clarity and thorough conceptual analysis of the 
benefits and problems caused (Lorenz, E.1995). According to the IPCC, climate change can be 
defined as “change in the state of the climate that can be identified by changes in the mean 
and/or the variability of its properties, and that persists for an extended period, typically 
decades or longer” (IPCC 2013). After discovering a high rise and in the rate of climate change 
different countries agreed on taking note of the devastating impacts being caused by change in 
climate hence in 1988 the Intergovernmental Panel on Climate Change (IPCC) was established 
under the United Nations Environment Programme (UNEP) and the World Meteorological 
Organization (WMO) for climate change assessment based on the recent science. 
 
Global agreements on climate change have always targeted at ensuring the limitation of 
anthropogenic influenced global warming to 2°C, which has a relativity to averages of pre-
industrialisation. About of the 192 member countries of the United Nations Framework 
Convention on Climate Change (UNFCCC) in December 2009 were summoned to a 
conference in Copenhagen with the agenda to reach a global agreement on action to combat 
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climate change after 2012 following the Kyoto Protocol. Change in climate has a number of 
impacts on biological, physical, and systems managed by humans thus observational data has 
underpinned people’s regional and global understanding on climate change (Feng et al., 2004). 
This however has brought a perception to confirm that climate variability and change is 
essentially significant for pointing out related impacts to be done on a global scale. Ongoing 
climate change and is usually as a result of increased atmospheric carbon dioxide 
concentrations and related greenhouse gases influenced through human activities (Flato et a , 
2013; Mitchell & Jones 2005). The issue of climate change over time has evolved from just 
being a scientific concept to becoming a public agenda (Muhammad Ishaq-ur Rahman 2012) 
during the mid to late 1980s (Seacrest, S et al 200)which has since been incorporated in 
different policies and frameworks within different countries. Evidence gathered over the past 
years has clearly shown that climate change has been initiated and continuously being enhanced 
by anthropogenic activities around the world with reference to activities contributing to 
greenhouse gases (Jones PD, Reid PA 2001). 
 
One of the most significant, immediate effects of ongoing climate change is the reduction in 
fresh water (Xu et al., 2005). The effects include runoff time and magnitude, droughts and 
floods frequency and intensity, alterations in patterns for rainfall, devastating weather events, 
and water availability with reference to quality (Arora, 2001).The Southern African 
Development Community (SADC) region is one of the regions which is prone to vulnerability 
of climate impacts as characterized by extremely hot and dry weather conditions, water scarcity 
and poverty. The research community for climate change however seeks to continually project 
and understand the interactions between the environment, society and climate, in order to 
inform attempts for maintenance and improvement of the societal welfare. This therefore 
requires complex physical processes representation as climate system and weather forecast 
models in addition to advanced technology, for future projection of climatic conditions and 
impacts on various processes of the environment.  
 
Within the framework of the UN, country governments have voluntarily agreed on the 
incorporation of climate change mitigation and adaptation measures for risk reduction purposes 
through climate related disaster risk identification, risk reduction measures designs, and climate 
information use improvement by the engineers, planners and other related field in decision 
making. This also strengthens and fulfils the global Agenda as determined by the SDGs 
principles and development on sustainable development.  
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2.3 Climate change vulnerability in Southern Africa 
 
The changes in the climate over the past years have brought about huge impacts on the lives of 
different people globally and this has since been happening at an alarming rate with some 
groups of populations in different parts of the world failing to cope with the drastic change. A 
report was published in April 2007 regarding the status of imminence of action in Africa by 
the Intergovernmental Panel on Climate Change (IPCC) with regards to combating 
environmental and economic effects brought about by emissions of greenhouse gases (IPCC, 
2007).The African continent however is regarded as the most vulnerable region in the world 
which has gradually faced a decrease in rainfall together with rainfall seasonal variability 
throughout history (Hope 2009; Collier et al., 2008). According to a research done by (Zhang 
et al., 2012) using the reanalysis products, data captured that there were a few spatial 
mismatches between observations and estimates observed within the climatic pattern in 
southern Africa’ rainy season. This was also confirmed by (David Lo´pez-Carr et al) in their 
study reflecting that some parts of Africa which include the coastal southern Africa 
(particularly Mozambique, Malawi, Madagascar and South Africa), tropical and subtropical 
Africa, had little decrease precipitation over the 32-year period.  
 
However most devastating climate change consequences are anticipated overally within Africa 
where more than 95 % of the farmers are reliant on subsistence farming on rain-fed agriculture 
(Muller et al., 2011). Results of various studies have concluded that the economic distress 
which most African countries are facing has been indirectly influenced by the global climate 
change over the past decades. With reference Brown et al (2011) and Barrios et al (2010) the 
decline of sub Saharan African rainfall in the 20th century partially contributed to the economic 
status of these countries in terms of lagging behind. Whilst the dynamics and variability of 
climate have a significant effect on the urban populations, rural communities in Africa are 
predicted to be among the world’s most vulnerable to changes in climate (Lobell & Schlenker 
2010). Level of vulnerability amongst the different populations differs according to different 
factors. For example, the adaptive capacity of communities and small farmers is culturally 
determined, through distributions of existing resources, marginalization and domination 
historical patterns, and the environment itself environment (Eakin & Luers 2006). This is why 
we see small holder farmers having difficulties in adapting the change in climate due to the fact 
that these smallholder farmers experience constraints in technological adequacy, limited 
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extension services access and market constraints which affect the ability to cope (Brondizio & 
Moran 2008). In Southern Africa the most vulnerable areas being affected by climate change 
impacts are those living below the poverty datum line. These include most parts of 
Mozambique (where exactly), Lowveld Zimbabwe. One of the well-known affected areas in 
Southern Africa is the Limpopo Province which holds the highest poverty level as compared 
to any other provinces in South Africa. According to statistics 78.9% of the entire population 
are living below the national poverty datum line and 74.4% of local dwellings in 2011 were 
located in a tribal area, compared to a 27.1% national average of 27.1% (Statistics South Africa 
2013). 
 
According to the WHO, ‘‘the major diseases most sensitive to climate change - diarrhoea, 
vector-borne disease such as malaria, and infections associated with under-nutrition - are most 
serious in children living in poverty’’ (World Health Organization 2009). Despite that everyone 
is vulnerable to climate induced disease exposure, the most vulnerable demographic group is 
the infant category (children). This is due to their cognitive and physiological immaturity which 
is sensitive with as limited ability to adapt to the situation, referred to adaptive capacity (Shea 
& the Committee on Environmental Health 2007). 216 million cases of Malaria led to 440, 000 
deaths in 2016, and 290 000 (two thirds) were infants under the age of five. Most deaths were 
experienced in Sub Saharan Africa since 2010 with 34 percent of mortality rate amongst 
children below five years (UNICEF DATA 2018).  
2.4 Ecosystem Services 
The way biological kingdoms interact is based on the environment which these life organisms 
thrive. This specific environment however is called the ecosystem based on the type of the 
environment and the magnitude. However, these Ecosystems have provided different services 
and products to all living organisms through a chain of synergies determined by nature. 
Ecosystem service (ES) refers to “the benefits people obtain from the ecosystem, including 
provisioning services, regulating services, cultural services and supporting services which 
constitute the basis of human survival and are closely related to the well-being of humans” 
(Millennium Ecosystem Assessment 2005). Constanza et al 1997 also defined Ecosystem 
services as “benefits provided to humans through the transformations of resources (or 
environmental assets, including land, water, vegetation and atmosphere) into a flow of essential 
goods and services such as clean air, water, and food”. Ecosystem service studies were initially 
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proposed in the 1970s and have been endorsed in terms of conception, system of classification 
and methods of evaluation (Hein 2016). After identifying the alterations in the global 
ecosystem services in 2005, the Nations Millennium Ecosystem Assessment concluded that 15 
ecosystem services out of the twenty four which had been assed had degraded on a global scale 
with specific reference to the services providing fish, freshwater and erosion control. This 
accounted up to 60% of the total ecosystems which had been assessed by the Millennium 
Ecosystem Assessment. Humans have relied on biodiversity and ecosystem services (BES) to 
enhance human well-being and contributing to economic development, however, uncontrolled 
use of these services without proper management and optimisation leads to greater levels of 
unsustainability (UNEP Finance Initiative 2008).  
 
Ecosystem processes, which include recycling of soil nutrients and the volume and timing of 
water flows, are regarded as ecosystem services when translated into valuable processes, 
commodities and materials by humans. The categories of ecosystem services have been clearly 
denoted and applied in the Millennium Ecosystem Assessment (MEA 2005). The benefits 
provided by the ecosystem can be classified as provision, cultural, regulating and supporting 
services. However, to maintain the long term sustainability of these benefits, many national 
and international agreements on environmental sustainability have included ecosystems and 
biodiversity conservation within their agenda. Twenty three members out of 162 submitted to 
their contributions in the United Nations Framework Convention on Climate Change referring 
to the ecosystem based adaptation (EBA), whilst 109 member nations presented their visions 
on adaptation measures which are ecosystem based (IIED, 2016). Additionally, 127 UN 
member states had signed up for participation within the Intergovernmental Science Policy 
Platform for Biodiversity and Ecosystem Services as of December 2017 (IPBES). 
 
Despite the significance of ecosystem services, they are continuously overwhelmed by the 
urban environments in particular due to the chronic urban pressure of development which 
belittles the basic consideration of the contribution of the ecosystem services to the quality of 
life (MEA, 2005, Grêt-Regamey et al, 2013). The protection of natural areas in most cases 
hampered by the failure of value of services appraisal of these natural features (Hirokawa, 
2012). In contrary the Ecosystem services can help in the efficient identification in the 
developmental decisions in the global community (MEA, 2005). 
 
14 
 
2.4.1 Cultural services 
 
Throughout the past years the understanding and perception of nature and cultural aspects has 
dramatically shifted in different fields which include economy, ecology, geography, and 
anthropology, where deterministic environmental perceptions of the 19th and early 20th 
centuries on environment influence on culture have been dismissed (Biersack 1999; Orlove 
1980;). Terrestrial and aquatic features not only do they contain physical attributes but they are 
influenced and subjected to cultural perceptions. Culture and memory have a significant role 
play in terms of creation of contesting different meanings for every place on the globe. Cultural 
services are none consumptive uses of environmental ecosystems comprising of a number of 
uses which include religious, spiritual, inspirational and aesthetic well-being derived by 
humans from the ‘natural’ environment; values attributed to opportunities of science and  study 
whilst learn from that global environment; together with recreation and market benefits in the 
tourism sector. Despite that some of these cultural activities, recreation and tourism in 
particular have significant implications with regards to GHG emissions; a number of cultural 
related activities have little impact on the environment. Vision establishment on the 
environment for the current millennium requires surpassing the nature versus culture 
dichotomy, natural and anthropogenic landscapes perception on mutually exclusivity, and 
instead establishing platform for respect with regards to diversity of perceptions on 
environmental management and conservation (Moran 1990; Golley 1993). 
2.4.2 Supporting services 
 
Supporting services are necessary for the production and support provision of all the entire 
ecosystem services. In other words, they comprise of the co-ecosystem processes underpinning 
all the other services which include formation of soil, primary production, photosynthesis, 
water and nutrient cycling. They exhibit both direct and indirect impacts on humans over a 
very long period of time hence they exhibit a great difference from regulating, cultural and 
provisional services. However, there are some services that can be categorised as both a 
regulatory and supporting service, depending on the immediacy and time scale of their impacts 
on humans for example soil erosion control. Another example related to humans is that humans 
do not use soil formation services directly, despite the fact that alterations within the soil will 
affect the people indirectly through provisional service impacts on food production. Similarly 
regulation of the climate is categorized as a regulating service and ecosystem changes can exert 
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its impacts on global or local climate within certain time frames which are relevant decision-
making of humans (centuries or decades), whereas oxygen production (photosynthesis) is 
classified as a supporting service since the impacts on oxygen concentration would happen 
over a long period of time. These services do not work at the same rate and space but are rather 
characterised by the temporal and spatial scales, which extend from global to local over periods 
of time ranging from that range from seconds to hundreds of years. 
2.4.3 Regulating services 
Regulating services were defined by the MEA as services that include climate regulation, air 
quality regulation, erosion regulation hydrological regulation, or water purification, waste 
treatment, soil stabilization and disease regulation, pest regulation together with natural hazard 
regulation. They characteristics is basically related to moderating the environmental variation 
effects in the provision of essential products and services for human survival and well-being. 
Supporting services usually operate differently in terms of spatial and temporal context, for 
example, the morphological plants variety within the alpines meadow strictly gives off benefits 
which include reduction in soil erosion, whilst the crop genetic diversity offers global benefits 
with regards to lower spatial correlation of the risks which are brought about by climate and 
disease in the agricultural sector. Both macro- and micro-climatic regulation are examples of 
the regulating services. Species redundancy is also one of the most significant regulatory 
service provided by ecosystems thus it is assumed that a number of different species perform 
similarly the same sets of functions within ecosystems various. The loss of one species within 
the ecosystem result in the replacement by another as it takes its place, therefore redundancy 
of spicies ecosystem service results in enhanced resilience from the disturbances which are 
natural or human influenced in the ecosystem (Naeem 1998). 
2.4.4 Provisioning services 
Provisioning services cover the products of renewable biotic resources including foods, fibres, 
fuels, water, bio chemicals, medicines, pharmaceuticals, as well as the genetic material of 
interest to the CBD. The production, processing and consumption of these things all have 
consequences both for the net emission of greenhouse gases and for the capacity of the system 
to accommodate the effects of climate change. 
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 Table 2. 1: showing the Ecosystem services and their examples: Source (Joseph Alcamo, Rashid Hassan 2003) 
Cultural Services 
 
Regulating Services 
 
Provisioning Services 
 
 
Cultural diversity. The diversity of 
ecosystems is one factor influencing 
the diversity of cultures. 
 
Spiritual and religious values. Many 
religions attach spiritual and religious 
values to ecosystems or their 
components. 
 
Knowledge systems (traditional and 
formal). Ecosystems influence the 
types of knowledge systems 
developed by different cultures  
 
Educational values. Ecosystems and 
their components and processes 
provide the basis for both formal and 
informal education in many societies. 
 
Inspiration. Ecosystems provide a 
rich source of inspiration for art, 
folklore, national symbols, 
architecture, and advertising. 
 
Aesthetic values. Many people find 
beauty or aesthetic value in various 
aspects of ecosystems, as reflected in 
the support for parks, “scenic drives, 
“and the selection of housing 
locations. 
 
Social relations. Ecosystems 
influence the types of social relations 
that are established in particular 
cultures. Fishing societies, for 
example, differ in many respects in 
their social relations from nomadic 
herding or agricultural societies. 
 
Sense of place. Many people value 
the “sense of place” that is associated 
with recognized features of their 
environment, including aspects of the 
ecosystem. 
 
Cultural heritage values. Many 
societies place high value on the 
maintenance of either historically 
important landscapes (“cultural 
landscapes”) or culturally significant 
species. 
 
Recreation and ecotourism. People 
often choose where to spend their 
leisure time based in part on the 
characteristics of the natural or 
cultivated landscapes in a particular 
area. 
 
 
Air quality maintenance. 
Ecosystems both contribute 
chemicals to and extract chemicals 
from the atmosphere, influencing 
many aspects of air quality. 
 
Climate regulation. Ecosystems 
influence climate both locally and 
globally. For example, at a local 
scale, changes in land cover can 
affect both temperature and 
precipitation. At the global scale, 
ecosystems play an important role 
in climate by either sequestering or 
emitting greenhouse gases. 
 
Water regulation. The timing and 
magnitude of runoff, flooding, and 
aquifer recharge can be strongly 
influenced by changes in land 
cover, including alterations that 
change the water storage potential 
of the system, such as the 
conversion of wetlands or the 
replacement of forests with 
croplands or croplands with urban 
areas. 
Erosion control. Vegetative cover 
plays an important role in soil 
retention and the prevention of 
landslides. 
 
Water purification and waste 
treatment. Ecosystems can be a 
source of impurities in fresh water 
but also can help to filter out and 
decompose organic wastes 
introduced into inland waters and 
coastal and marine 
Ecosystems. 
Regulation of human diseases. 
Changes in ecosystems cans 
directly change the abundance of 
human pathogens, such as cholera, 
and can alter the abundance of 
disease vectors, such as mosquitoes. 
Biological control. Ecosystem 
changes affect the prevalence of 
crop and livestock pests and 
diseases. 
Pollination. Ecosystem changes 
affect the distribution, abundance, 
and effectiveness of pollinators. 
Storm protection. The presence of 
coastal ecosystems such as 
mangroves and coral reefs can 
dramatically reduce the damage 
caused by hurricanes 
or large waves 
 
 
Food and fibre. This includes the vast 
range of food products derived from 
plants, animals, and microbes, as well as 
materials such as wood, jute, hemp, silk, 
and many other products derived from 
ecosystems. 
 
Fuel. Wood, dung, and other biological 
materials serve as sources of energy. 
 
Genetic resources. This includes the 
genes and genetic information used for 
animal and plant breeding and 
biotechnology. 
 
Bio chemicals, natural medicines, and 
pharmaceuticals. Many medicines, 
biocides, food additives such as alginates, 
and biological materials are derived from 
ecosystems. 
 
Ornamental resources. Animal products, 
such as skins and shells, and flowers are 
used as ornaments, although the value of 
these resources is often culturally 
determined. This is an example of 
linkages between the categories of 
ecosystem services. 
 
Fresh water. Fresh water is another 
example of linkages between 
categories—In this case, between 
provisioning and regulating services. 
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2.5 The nexus between Ecosystem services, Climate change & Human Livelihoods 
 
Changes which occur on a global scale such as population growth, climate change and 
urbanization have altered the dynamics and pattern of circulation of energy and material flow 
directly or indirectly on the globe, impacting the human well-being and the general ecosystem. 
One of the greatest factors that influence species abundance and distribution and in both 
managed ecosystems which include forests production, cities, agriculture, coastal zones, and 
natural terrestrial and marine ecosystems. Through research and general observation, it has 
been concluded that climate change and biodiversity are linked hence climate change is both a 
cause and an effect of biodiversity change. Most obviously, by changing the environmental 
conditions within which species exist, climate change induces an adaptive response on the part 
of species. A number of research journals and literature have provided information of the effect 
of climate change on both species and ecosystems over the last two decades (Peters and 
Lovejoy 1994, Lovejoy and (Hannah 2006, Willis and Bhagwat 2009). 
 
Climate change is expected to increasingly impact, both positively and negatively, the 
provision and value of welfare-enhancing services around the world (Staudinger et al. 2012). 
The nexus between climate change and ecosystem services can be reflected through adaptive 
response on the part of the world’s biota which in turn has a significance effect on the services. 
These effects include changes in species distributions and abundance, changes in the timing of 
reproduction in plants and animals, changes in animal and bird migration patterns, and changes 
in the frequency and severity of pest and disease outbreaks. Some of these effects are the direct 
result of changes in temperature, precipitation, sea level or storm surges. Others are the indirect 
effect of changes in, for example, the frequency of fire. One example of the well-known 
vulnerable ecosystems in which the services were greatly affected is the Eastern Tibetan 
Plateau (ETP region), which is the ecological barrier of the Yangtze River and the upper 
reaches of the Yellow River in China, is a typical ecologically vulnerable area (Wang, X.F et 
at 2016). This region has experienced different climate change inducing activities such as 
overgrazing, over-cultivation, deforestation leading to the serious damage of the natural 
ecosystem (Liu et at 2003). Since around half of all economically active people in developing 
countries are dependent on agriculture, and since 75 percent of the world’s poor live in rural 
areas, this suggests that the effects of climate change on agriculture are likely to have a 
disproportionate effect in developing countries. 
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Climate change, Ecosystem services and human livelihoods are directly linked together in a 
way that one will affect the other. Over the past decades, people’s understanding on the linkage 
between the three has greatly improved and therefore more research is being done within 
specific countries in order to make sound decisions on how to revitalise the environment. 
According to a study which was carried out within the United Sates on how climate change 
affect both ecosystems and livelihoods , results showed that climate change will modify crop 
and seafood production in the US therefore identifying and implementing cost-effective 
adaptive responses to maintain productivity in these sectors will be challenging. It was also 
discovered that the effects of climate change could disrupt American agriculture and drive 
global food prices higher in several ways. For example, growing season temperatures that are 
hotter than historical averages will reduce the yields of most US-grown crops (Schlenker and 
Roberts 2009). According to Nelson et al. (2009), he predicted that climate change will disrupt 
agricultural productivity both nationally and internationally to such an extent that global prices 
for wheat, maize, and beef, to name just three commodities, will be 90%, 50%, and 20% higher, 
respectively, by 2050 than they would be without climate change. Such price increases would 
markedly affect the welfare of many American households on a daily basis 
 
In other words, the livelihoods of many Americans depend on the ecosystem functions that 
support robust marine fisheries. Most ecosystem functions that support the US commercial fish 
species require are found in cooler water. Therefore this means that most species fished off US 
coasts are moving pole ward as sea surface temperatures warm due to climate change 
institutions (Ruckelshaus et al. 2013a). However ongoing stock assessments used to establish 
regulated catch limits could begin to more systematically incorporate climate-driven shifts in 
spatial distributions of fish (Link et al. 2011).Therefore these effects will not only affect the 
US but will affect the global market in terms of production, trade and economics since the US 
is a global power house and a major influence on most commodities within the world.  
 
In Eastern Tibetan Plateau, China, Climate Change and Land Use have also affected the 
livelihoods of different people in terms of the services which they acquire from the surrounding 
ecosystem. The area has experienced high frequency in terms of land use and a warmer and 
drier climate. A study was conducted to investigate and understand the spatial-temporal 
variation of ecosystem services which include water yield, soil conservation and crop 
production from the year 1990 to 2015 in the Eastern Tibetan Plateau region. However the 
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results showed that the Ecosystem Service composition of each ecosystem varied according to 
the different driving scenarios and responses from the forest and wetland on climate change 
and land use changes were observed. The selected ecosystem service showed a downward 
trend, with soil conservation on a regional scale showing a decreasing trend by 0.38 % per year. 
This trend was also seen during the period of 1990 to 2000, when the soil conservation of each 
ecosystem type located in the eastern region decreased with a warming and drying climate. 
Results also showed that the water yield has also dropped within the past 25 years which in 
turn has negatively affected the forest and grassland yield within the ETP region. Despite that 
the river valley located in the eastern region, mainly the Dadu River, experience stable water 
yield under the climate change scenarios, this is largely due to the high altitude and it is a snow-
fed river. In terms of crop production the forest increased with the climate change in this 
scenario between the years, 1990 to 2000 but later suffered a decreasing trend with specific 
reference to Jiuzhaigou county within the region.  
 
With regards to other parts of the world the effect of climate change specifically on agriculture 
are expected to be more severe. According to (Nelson and others 2009) in an attempt to 
simulate the consequences of two scenarios of climate change using a model of global 
agriculture, results concluded that the net effects of climate change on agriculture would 
generally be negative, and the vulnerable areas would be many developing countries. Half of 
the economically active people in developing countries are mostly dependent on agriculture, 
and 75 percent of the world’s poor people live in rural areas. This however suggests that the 
effects of climate change on agriculture are likely to have a devastating effect in developing 
countries. Pest and disease brought about by the change in climate has also affected different 
countries globally but the highest percentage has been attributed to developing countries. 
Pimentel’s (2001) estimates of the damage costs associated with introduced plant pests in a 
selection of developed and less developed countries in the 1990s showed that invasive species 
caused estimated damage costs equal to 53 percent of agricultural GDP in the USA, 31 percent 
in the UK and 48 percent in Australia. In contrary the damage costs in South Africa, India and 
Brazil were estimated to be, respectively, 96 percent, 78 percent and 112 percent of agricultural 
GDP. Conclusion of most literature has shown that most developing countries are more 
vulnerable to climate change than any other parts within the globe.  
2.5.1 Impacts on food and feed:  
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In different harsh environments such as the mountainous regions, food productions more likely 
prone to affection by climate change as indicate by a number of studies around the world. The 
various change of the precipitation patterns and the diminishing rate of snow cover mainly 
affect subsistence farming and agriculture as a whole elevation relief areas such as the Indian 
and Nepal villages which have also been illustrated as case studies (Ogra and Badola 2015). In 
areas such as Tibet, the major reduction of plant density which in turn has effected livestock 
such as yak and sheep headers has been primarily affected by climate change (He and Richards 
2015), and in Tibetan steppe in Sunan Yugur, increased rate of overgrazing together with 
climate change seem to have a major impact on the reduction of organic carbon in soil (Yuan 
and Hou 2015). According to Parish and Funnell 1999 climate change could result in 
devastating consequences for the management of livestock particularly in the dry high 
mountain environments which include the Moroccan High Atlas. On the other hand, 
temperature increase enables the cultivation of new crops which were not previously grown in 
the high mountain areas thus diversifying local diets (Singh et al 2010; Konchar et al 2015). 
These changes added together lead to continuous poverty within the rural mountain 
communities (Gentle and Maraseni 2012) and beyond.  
2.5.2 Impacts on water availability:  
 
One of the most common services provided by the ecosystem is the provision of water 
(freshwater) which is used for various uses in terms of domestic and irrigation usage and it is 
one of the most common services mainly affected by the change in climate. Severe 
consequences regarding water availability in connection with climate change mainly affect 
both the downstream populations (Beniston 2005) and the high mountain areas. Local 
communities in the sub Saharan region have experienced water deficit during the dry season 
(Bury et al 2011). In Nepal, the decrease in the stream flow as attributed to climate change 
affects the water availability to meet the high demands for the tourists (McDowell et al 2013). 
In different arid mountain regions which include the Jabal Al Akhdar mountains in Oman, the 
decline in the groundwater has led to water deficit for domestic supply hence has led to the 
increased demand for bottled water (Al-Kalbani et al 2016). 
2.5.3 Impacts on spirituality and cultural identity:  
A number of ecosystem features across different regions and communities are regarded sacred 
hence possess a strong symbolic meaning for local communities. One example with regards to 
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the ecosystems which have provided services which are culturally oriented include the African 
tribes living at the base of Mount Kilimanjaro consider the glacier on the mountain to be the 
house of God (M€olg et al 2008).  Cultural ecosystem services have been included in many 
other typologies of ecosystem services and referred to variously as cultural services (Constanza 
1997). This has also happened in Nepal, where the hats, ie traditional places used for religious 
bathing and cremation, can be affected by changes in water runoff (Shrestha and Aryal 2011). 
Recent studies of spiritual value that involve interviewing or questioning local people often 
proffer sentences to elicit responses. Such sentences may begin, “I value this place because 
…”, the ‘because’ covering a diversity of potential values. Under the category of spiritual, a 
sample of texts of such sentences include: “I feel part of something that is greater than myself; 
feel more connected to nature; I gain perspective on life” (Bryce et al., 2016); “they are a 
sacred, religious, or spiritually special place to me or because I feel reverence and respect for 
nature there” (Ancona et al., 2016, Brown, 2013). 
2.6 The conceptual framework 
(Aline Chiabai et al 2017) proposed a framework which induces on the “ecosystems enriched” 
Driver, Pressure, State, Exposure, Effect, Action (eDPSEEA) model (Reiset al., 2015) whilat 
integrating climate change and potential benefits that could be provided by the green areas with 
regards to actions of adaptation through exposure of population and other contextual factors. 
The eDPSEEA model serves to link specifically the climate change impacts and actions of 
environmental adaptation also taking into consideration how it affects human health through 
different exposures. 
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 Figure 2. 1: Millennium Ecosystem Assessment Conceptual Framework   source: MEA (2005) 
 
The conceptual framework based on the Millennium assessment recognises human well-being 
as the primary focus, and recognises biodiversity together with ecosystems having intrinsic 
value on the well-being of humans. There is a dynamic interaction which coexists between 
people and ecosystems, where the change in human condition can drive change in ecosystems 
directly or indirectly affecting human well-being. Changes in factors that affect ecosystems 
indirectly, for example technology, population and lifestyle lead to a shift in factors which 
directly affect ecosystems, which include fisheries, fertilizers application which increase 
production of food.  Interactions between humanity and ecosystems can take place at different 
scales with reference to global, regional and local scales. A global market for example may 
result in regional reduction of forest cover, increasing flood magnitude along local rivers. Time 
scales also area a major factor in these interactions; however different actions can be taken to 
respond to negative changes whilst enhancing the positive changes at all points of this 
framework. The diagram below shows the conceptual framework and interactions between 
humans and ecosystems.  
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2.7 Adaptation to Climate Change in developing countries: 
According to the 3rd volume of the IPCC by 2050, a large percentage of the African countries 
are more likely to experience devastating unknown climatic conditions on entirely half of the 
existing arable land. Additionally by 2080, despite the adaptation measures implemented or the 
magnitude of emissions yields will be prone to negative impacts within the tropics. With more 
report from the IPCC, predictions suggest a robust negative impact in terms of productivity in 
agriculture and food security for situations linking to temperature increase of 3–4 °C or further 
hence high risk will be attributed to the tropical countries due to the intensity of the impacts 
coupled with poverty and inability to efficiently acclimatise to the changing adverse conditions. 
The African continent is one of the most susceptible areas when it comes to food security and 
climate change, but not only does climate change affect Africa, instead it will also affect food 
security, agricultural yields and local economies within Central America, parts South Asia and 
most parts of the global south. For example, crops such as Arabica coffee will alternatively 
have to be cultivated on higher grounds and elevations to benefit from the lower temperatures. 
 
Whilst climate change in Africa affects conditions for adaptation, 7 risks with regards to 
climate in Africa have been estimated to rank from medium to high by 2030. This means that 
there will be coral degradation, biome distribution changes, and detrimental effects on 
livestock, malnutrition, reduced crop productivity, migration and vector-borne diseases. In 
Latin America, there is substantial risk with regards to food production, water resources, coral 
reefs depletion, whilst in Asia the hazards include water deficit, crop production, floods and 
mortality related to heat. Many change drivers in tropical regions may poses an undesirable 
influence on agriculture. The IPCC report also states that, failure to reduce the greenhouse gas 
emissions and a 4 °C escalation in temperature from 2080 to 2100, will excessively threaten 
food security in Africa despite adaptation progress to climate change. Despite the fact that the 
effects global warming in Africa can be counterbalanced through agro-ecological practices, 
studies have revealed that with regards to maize, only irrigation and new cultivars have the 
capability to counter the effects of devastating water and temperatures stress beyond 2040 
(Folberth et al. 2014). 
 
Prevalence of poverty exacerbates other stress factors brought about through climate change 
which depreciates the health and wellbeing of various communities and vulnerable individuals. 
Possibility of food insecurity and the interruption of food stock systems are quite vivid and 
obvious in conditions of high temperature rise, floods, drought, and rainfall variability extremes 
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and other related natural disasters. Water deficits and access to portable water or irrigation 
water also has negative consequences, mostly on farmers and cattle herders within semiarid 
regions. Additionally the impacts on marine and coastal ecosystems also threaten the fisheries 
industry. However, the IPCC reports also believes that the agricultural mitigation potential 
could account for as much as three quarters of total agricultural emissions and that this could 
be achieved through the management of carbon stock within the soil, mainly in developing 
countries, not so much by reducing emissions.  
2.8 Ecosystem Based Adaptation (EBA) to Climate Change  
 
The term Ecosystem-based adaptation (EBA) basically is defined as the use of ecosystem 
services and biodiversity as part of a complete strategy for adaptation in assisting people in 
adapting to the hostile effects of climate change (SCBD, 2009). Over the past years the interest 
in Ecosystem-based Adaptation due to its benefits to the human livelihoods on a social, 
environmental and economic perspective (Jones et al 2012, Campos et al 2014). On an 
agricultural point of view, Ecosystem-based Adaptation can be referred as the implementation 
of practices for agricultural management that utilises biodiversity and ecological processes and 
ecosystem services to escalate crops and livestock ability to adapt to variability in climate. In 
this definition, adaptation can be viewed as a process of utilising ecologically based 
management principles to provide adaptation benefits, and additionally as well as a diverse 
agroecosystems characteristic that rely on biodiversity and ecosystem services usage resilient 
to the impacts of climate change (Jackson et al 2010). 
 
Conservation, sustainable management and restoration of ecosystem services and biodiversity 
are types of Ecosystem-based management practices have the potential to help farmers in 
adapting to both climate change in the long in the long run (through ensuring the continuous 
on and off-site ecosystem services provision) and also climate variability in the short term 
(through resilience improvement on production units to the increasing events attributed to 
climate change Howden et al 2007). A number of smallholder farmers over the past years have 
been implementing the ecosystem based strategy to help in the adaptation to the impacts of 
severe climate change. (Lin 2007, Giménez 2002). Ecosystem based practices endorsement can 
also help to revitalise the inclination towards development oriented ingenuities that encourage 
technological sets to abridge the systems for small holder farmers making them more 
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vulnerable to market climate variability stresses and therefore can promote ecologically and 
socially sustainable systems, which are climate resilient (Noordwijk et al 2011). As mentioned 
earlier Ecosystem-based Adaptation in agriculture is practices for agricultural management 
which take advantage of ecosystem services or biodiversity processes to support in increasing 
crop or livestock ability in the adaption to climate change and variability. Therefore agricultural 
ecosystem-based practices should be conservation, restoration or management of biodiversity 
and ecosystem services based. Some of the examples that assist in the livelihoods of different 
communities include practices that utilises both ecosystem processes and agro-biodiversity 
which takes into consideration trees management, pastoral systems, mulching to conserve the 
soil structure, nutrients and humidity, riparian vegetation conservation in farms to ensure water 
provision. 
 
EbA practices have proven to have improved livestock and crops ability to adapt to climate 
change practices which are capable of being implemented in different communities and 
livelihoods at numerous scales ranging from plot, farm to landscape. An example can include 
genetic biodiversity management such as crop diversification through inclusion of wild related 
species to ensure an increase in crop resistance capacity to drought, pest and other effects of 
extreme weather events (Lewis et al 1997). Other practices include use of integrated pest-
management strategies are also other adaptation strategies which can also include biological, 
cultural, and chemical integration control methods reduce the impacts of pests and diseases 
which are brought about by the change in climate in various community livelihoods 
(Lamichhane et al 2015). Some other adaptation strategies which are ecological and in turn 
linked to ecosystem services include tree planting as windbreaks, agroforestry systems to cover 
crops and help reduce the evapotranspiration effect through extreme radiation and/or wind, or 
the energetic force of extreme rainfall and strong winds on soil structure (Altieri and 
Koohafkan 2008), among others. Based on different scenarios, at  landscape level, Ecosystem 
based adaptation practices include use biodiversity and ecological processes to ensure nutrient 
recycling and water regulation which can be implemented through natural vegetation or tree 
cover in critical hydrological hotspots reducing crop pest and disease outbreaks severity related 
to extreme weather events through structural complexity enhancement of agricultural 
landscapes through diversified cropping systems and inclusion of natural vegetation promote 
pest regulation (Jaramillo et al 2013, Jackson et al 2010). 
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2.9 Case Study 1: Nepal Ecosystem Services, Climate Change and Livelihoods 
 
The scenarios of the global climate change throughout the years indicate that there will be 
significant impacts on ecosystems and their services resulting in serious consequences with 
regards to the community livelihoods, with specific reference to the economically challenged 
regions of the globe (IPCC 2001). One of the most affected areas across the world is the Nepal 
area which is highly susceptible to climate change impacts due to the fact that it is spread across 
different altitudes from 70 m going to the world’s tallest peak threatening the economy and 
human livelihoods since they depend on subsistence farming and on land based agriculture. 
Between the years of 1982 to 1996, the mean average annual temperature has shown an increase 
of 1.5°C with an average increase of 0.06°C per year (Shrestha et al 2012). According to the 
recent findings and projections the warming trend is expected to accelerate at higher elevations 
specifically during the summer (Xu et al 2007; IPCC 2007). Precipitation on the other hand is 
projected to have a decrease during the dry season whilst increasing its intensity during the rest 
of the year in South Asia, whilst the reverse is true for Central Asia (IPCC 2007).  
Eastern Nepal in the same year received less rainfall and in contrary western Nepal was 
immersed in a very large flood reducing crop production by a large percentage of 30% in the 
area (Regmi2007). Due to the remoteness of the area the services of transportation and 
communication are regarded as the biggest challenges hence the mountain communities’ areas 
resultantly become marginalised being vulnerable to the adverse environmental impacts which 
affect the human livelihoods. Access to a vast pool of resources is limited within the 
mountainous communities meaning that their capacity to engage in effective adaptation to the 
present climatic challenges is limited.  
2.10 Climate change adaptation Nepal 
 
With reference to IPCC, climate change adaptation constitutes human or natural systems 
adjustments in response to actual or expected climatic effects, which in turn optimises and 
reduces the harm whilst exploiting beneficial opportunities (IPCC2001, 2007). Livelihoods on 
the other hand according to Chambers and Conway (1992) is described as a system which is 
comprised of capabilities, assets and activities for a means of living. Most communities in the 
rural areas are largely dependent on ecosystem services which include, forest products, water, 
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grass, fodder for livestock and fisheries, as part of their livelihoods, although the priority 
ecosystem services vary with reference to different interest groups (Paudyal et al.2015). 
Through time, the communities that have developed the adaptation strategies over time to 
various challenges have also managed to develop the decisions to cope with the current 
challenges (Dovers 2009; Alexander et al.2010). 
 
Figure 2. 2: Map showing the Nepal area 
In Dolakha district of Nepal, the altitude varies from 723 to 7134 m above sea level. The human 
development index is of 0.450 where (HDI: 1 = best,0 = worst), birth life expectancy is 63.5, 
human poverty index is 44.0, and adult literacy rate of 51.10, with an overall HDI ranking of 
42 out of 75 districts in Nepal (UNDP 2004 ). In Nepal Dolakha is one of the richest districts 
for natural resources. Forest and shrubs cover 47–55% of the area, followed by agriculture 
(26%) and pastureland (13%), unproductive land (barren/snow covered: 12–19%), and water 
bodies (0.19%) (Charmakar2010; CBS2011).With 67% of the population involved, agriculture 
is regarded as the main source of income followed by small scale businesses. Major forest-
based enter-prises providing additional income to local communities include the production of 
Nepali handmade paper together with aromatic and essential oils.  
Change in the rainfall pattern together with increased drought periods in the area in the past 
years have affected agriculture and forest interface-based livelihoods (Charmakar2010). This 
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has adversely affected highly rainfall dependent cultivation and subsistence farming due to 
inadequate precipitation with an irregular rainfall pattern. Increased impacts resulting from 
various insects’ pests were also noticed in crops such as potato, rice and millet, consequently 
reducing the overall yield production (Paudel2013). Additionally there are a number of reasons 
leading to yield decrease in both agriculture and forest crops and these include  
 changes in rainfall patterns, 
 longer periods of drought,  
 decrease in soil moisture, 
  increased crop intensity with increased use of chemical fertilizer and pesticides, and 
 Consequential soil degradation.  
Between 1978 and 1994 (FAO1999) forest cover decreased substantially but due to the 
community forestry programme which has been implemented it has managed to recover 
(Niraula et al.2013. Dolakha district in Nepal has managed to adapt to these impacts through 
implementation of different measures and support from different institutions to improve the 
human livelihoods.  
2.11 CASE STUDY 2: Sahel Consistent Annual Droughts  
The effects of climate change on ecosystem services are quite vivid in the present world and 
affects at different rates and magnitudes in different communities. This has been evidenced by 
the results of losses and damages to people and the society at large. The differences between 
places with regards to culture, governance, social organization, development and adaptive 
capacity is unique with regards to the rate and magnitude of climate change impacts in human 
systems. 
Some of the areas which are much vulnerable to climate change and their impacts are situated 
in the African continent. Some of the most vulnerable include the Sahel and the semi-arid 
drylands of East Africa. These regions have been facing a number of challenges impacted 
through climate change which include livestock and crop losses, displacement, food insecurity, 
cultural losses which include traditional livelihood systems and conflict. Climate change being 
the major factor, not only has it affected the livelihoods of the individuals but has also affected 
the ecosystem services of the particular areas and communities. A large percentage of the 
African continent communities mostly rely of rain fed agriculture hence crops yields are 
extremely sensitive to climatic conditions (Zaal et al. 2004). In the year 2015 nearly 20.4 
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million people experienced food insecurity resulting in persistent drought mostly in Nigeria, , 
Niger, Mali and Chad (ReliefWeb 2015).  
The temperature within the Sahel and the drylands of East Africa has been gradually increasing, 
it is becoming hotter, thus being clearly consistent with climate change. The temperature 
increases varies widely within the region, up to as much as 0.5 °C per decade from 1951 to the 
present (or 3.5 °C total) in a larger parts of Sudan and South Sudan; and are also high, 0.2–0.4 
°C per decade, in large parts of Mauritania, Mali, Niger, Chad and Uganda. A number of studies 
which have been recently published suggest the rate of warming is more than double the global 
and tropical average (Cook and Vizy 2015; Engelbrecht et al. 2015) and this clearly shows how 
extremely affected the continent is considering the alarming rates of poverty which hinder the 
effectiveness of adaptability. With higher temperatures bringing about the increase in 
evaporation from ground, water surfaces and from vegetation through transpiration, the area 
has become highly vulnerable and devastated—a process known collectively as 
evapotranspiration. Therefore, even in places where rainfall increases, in contrast to the rate of 
evapotranspiration, the water may not sufficiently offset overall loss of soil moisture, which 
affects primary productivity and food production, which in turn are regarded as the supporting 
and provisioning ecosystem services respectively.   
Between the years of the 1970s and the early 1980s Sahel experienced one of the record 
breaking natural disaster of a widespread drought accompanied by devastating famine (Held et 
al. 2005; Conway et al. 2009). Looking at the recent trends which have been recorded in the 
late 20th and early 21st century evidence suggest that there is an increase in the lengths and 
intensity of droughts particularly in West Africa (IPCC 2012), and an antagonistic decline in 
rainfall by at least 10 and 20%, hence becoming less dependable and affecting subsistence 
farming (Turco et al. 2015). The region also has strong decadal variability, which have been 
associated with ocean temperatures swings within the North Atlantic which have resulted in 
shift in the rainfall pattern. In Mali and Burkina Faso dry lands, over the past years, the average 
period of growing sorghum and millet has changed drastically. However in 1950–69, the period 
was regarded as the wet period within the Sahel, where reliable rainfall was received for 
sorghum and millet in a number of regions, but in the last two decades the number of years that 
met the threshold was 60–80% lower. This has evidently shown how climatic change and 
variability has impacted of the human livelihoods and the ecosystem services by threatening 
food production. 
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Over the past years countries such as northern Burkina Faso have shown that the villagers 
ability to cope with droughts has reduced with specific reference to  losses and damages from 
the 2004 and 2010 droughts as major examples due to  decline in pastoralism and an increase 
in cropping (Traore and Owiyo 2013). Pastoralism is one of the dominant and well adapted 
livelihood strategy within the region where herders would move their cattle herds to areas with 
abundant pasture to accommodate localised water deficits. It was one of the adaptation practice 
to climate change and with the change in the land use policies and rise in conflict, the practice 
of pastoralism was hindered resulting in extended vulnerability to droughts. According to the 
surveys which were implemented 96% and 87% of respondents were affected by these adverse 
effects of droughts livestock and crop production with cascading effects. A chain of 
accumulative effects however resulted from water deficit which in turn results in retarded and 
stranded seedling growth and crop yields, which then affects the food availability for people 
and livestock (Traore and Owiyo 2013). 
At the geographic centre of this large dryland region, for centuries Lake Chad which is centred 
in Western Chad and reaching the boarders of  the Nigeria, Niger and Cameroon borders is one 
of the most significant geographic feature and home to abundant fisheries and livestock herds. 
The Lake Chad basin has been constantly affected by unpredictable rainfall patterns, 
temperature increase and changes in the land use activities. Lake Chad was one of Africa’s 
largest lakes, which shrunk from 25,000 sq. km in 1963 to around 1,000 sq. km (UNEP 2008). 
On the other hand, rainfall recovery in other parts of the Sahel, in recent decades has resulted 
in flooding since the rainfall has become sporadic and erratic rather than in a more evenly 
distributed manner (Giannini et al. 2013). In 2007, for example, rainfall extremes and 
consequent flooding in Senegal’s peanut basin led to loss of property and crop in 2007 in 
Senegal was recorded resulting from extreme rainfall which led to flooding due to the fact that 
most farmers cultivate in and around natural depressions. 
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Figure 2. 3: Flooding in the peanut basin south of Kaolack, Senegal (September 2007). Source UNEP (2016) 
However the Sahel Region have implemented adaptation measures such as soil fertility 
management, crop-livestock integration, water harvesting, planting of drought-resistant crops, 
livelihood diversification, dug ponds for watering animals, and seasonal or permanent 
migration. These practices have been in the system for a number of previous generations and 
have become the norm within the semi-arid regions. With the change in the climatic conditions, 
the adaptation measures will have to be scaled up whilst incorporating new methods developed, 
to prevent losses. These new methods may include crop and animal breeding which are more 
drought-resistant, and innovations such as index-based insurance. With reference to Index-
based insurance the pay-outs to participating farmers and herders are not made on the basis of 
actual losses but on the basis of changes in rainfall or drought indices, which reduces the 
overhead of claims inspections (chapter by Schafer et al. 2018). This practice has been deemed 
to be successfully in most parts of Ethiopia, Senegal, and Northern Kenya (Greatrex et al. 
2015). 
2.12: Conclusion 
The purpose of this research review is to help understand the different aspects of the research 
on ecosystem services, climate change and livelihoods. Along with this literature, there is clear 
evidence and relationship amongst climate change, livelihoods and the ecosystem services 
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which means the influence or effect on one of the three will also result with direct proportion 
in the influence of another. A number of case studies have also revealed how the climate change 
has affected both livelihoods and ecosystem services and how the marginal countries have 
experienced devastating consequences under poverty stricken conditions. Therefore this calls 
for more vibrant solutions in terms of mitigation and adaptation to climate change and altered 
ecosystem services.  
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CHAPTER 3 
3.0 METHODOLOGY  
3.1 Introduction 
The purpose of this chapter is to outline the research methodology and methods that were used 
to conduct the study regarding the impacts and correlation of climate change with ecosystem 
services. It provides information on the materials used, study design and the participants who 
were involved taking into consideration the sampling criteria. In this chapter, the researcher 
also defines the research design and the specific reasons why the design was ideal for the 
research. Data collection methods including the time frame and the procedure of collecting data 
were also described by the researcher in this chapter. The researcher also discusses the data 
analysis methods and the ethical considerations that were implemented during the course of 
the research. 
3.2 Study Area  
Figure 3.1 below shows the study area Map of the GLTR which includes two countries (South 
Africa and Zimbabwe). The countries are divided by one of the major rivers in Southern Africa, 
the Limpopo river and has a diverse ethnic society which include the native occupants if the 
area. 
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Figure 3. 1: shows the Map of the Study area within the Great Limpopo Transfrontier Region 
3.3 Background to Study Area 
The Great Limpopo Trans-frontier region is a region which is comprised of three different 
countries (Zimbabwe, South Africa and Mozambique) which interact together to strengthen the 
ties of conservation and sustainability within Southern Africa (Figure 3.1). This region has 
been combined to form the Great Limpopo Trans frontier Park which is considered to be the 
largest animal kingdom in the world spanning an enormous area of 37,572 km² (GLTFCA. 
2016). This Region consist of community, state owned and private owned land joining together 
some of the most prominent wildlife conservation areas in southern Africa which include 
Kruger National Park in South Africa, Gonarezhou National Park in Zimbabwe and Limpopo 
National Park in Mozambique.  
 
Different ethnic communities which make up the region include Vhembe, Phalaborwa, 
Hoedspruit and Giyani in South Africa, Mahenye, Chilonga, Save and Malilangwe in 
Zimbabwe as wellas Mapai, Makuya Park and Madimbo Corridor in Mozambique (sanparks 
2010). These communities include different tribal groups which reflect diverse ethnicity within 
all three countries. These ethnic groups comprises of Tshivenda, Xitsonga, Shangani, Shona 
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and the Ndebele. The vast part of this region is located in South Africa within the Limpopo 
Province named after the Limpopo River, which forms the province's western and northern 
borders of Mozambique and Zimbabwe respectively. The province comprises of Northern 
Sotho, , Afrikaans, Tswana, Tsonga and Venda which spills into the near communities around 
the boarder within the three countries. The Great Limpopo Trans frontier region was formally 
established through an International Treaty signed by the Heads of States of Mozambique, 
South Africa and Zimbabwe at Xai-Xai, Mozambique in December 2002. The region 
comprises a vast area of the lowland savannah ecosystem, not only in the transfrontier Park 
itself, but also in the conservation areas surrounding the park. The landscape in GLTP features 
two spectacular Cliff landscapes in Chilojo Cliffs in Gonarezhou National Park and 
Shingwedzi Cliffs in Limpopo National Park. There are five major types of vegetation, namely 
Mopane woodlands and shrubveld in the northern portions, mixed bushveld in the southern 
half, sandveld in the south eastern areas of Mozambique, riverine woodlands mostly in Kruger 
and Gonarezhou, and seasonally flooded and dry grasslands in and around Gonarezhou 
National Park. 
 
Extreme harsh weather conditions have been experienced within the area with specific 
reference to the cyclone Eline which resulted in the breaking of the Runde bridge which crossed 
the Lundi River linking the Gonarezhou National Park and the local communities (Masvingo 
Bureau 2006). Since this area is situated in the low-veld, the Limpopo basin area provides vast 
river tributaries which pour into the main river (Limpopo River) providing communities and 
National Parks with water for both plants and animals through irrigation and games water 
reservoirs. However, the area is also known for high temperatures and low sporadic rainfall 
throughout the year with occasional reports of heat waves in the past recent years. The area is 
also well known to be prone to Malaria, a vector borne disease which has been a nuisance in 
the area for several years due to the conducive weather conditions that allow the breeding of 
the mosquitoes.  
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3.4 Research Design  
The research design which was implemented for the research project used the survey research 
design which enabled the gathering of information from different areas within the two 
countries. Survey research design basically refers to a design which is used “to answer 
questions that have been raised, to solve problems that have been posed or observed, to assess 
needs and set goals, to determine whether or not specific objectives have been met, to establish 
baselines against which future comparisons can be made, to analyse trends across time, and 
generally, to describe what exists, in what amount, and in what context.”  (Isaac & Michael, 
1997). A survey research design was ideal for data collection as descriptive designs that seek 
to describe reality. To be precise, the cross sectional survey design was used as it seeks to 
provide us with a snapshot of what is happening in the selected community group at that 
particular time. Additionally the cross sectional survey design takes a descriptive or exploratory 
form that simply sets out to describe behaviour or attitudes within the area of study 
3.5 Methods and Materials 
The methodology for this research mainly involved both qualitative and quantitative methods 
of data collection within the study area. A survey and the use of questionnaires through 
interview with key informants were also used to get the data with regards to livelihoods, 
landscape change, climate change impacts and ecosystem services around the study area. In 
order to acquire a more precise understanding of people’s perceptions, and views of climate 
change, ecosystem services and livelihoods in general, questionnaires were used. A  
questionnaire  can   be referred to as a  questions  containing  document and different related 
items which are designed  to solicit  information  which is appropriate  for  analysis  (Babbie,  
1990:377). A random sampling method was used for data collection since the area is spacely 
populated and for the purposes of reducing bias. According to Moore and McCabe a simple 
random sample refers to: "A simple random sample (SRS) of size n consists of n individuals 
from the population chosen in such a way that every set of n individuals has an equal chance 
to be the sample actually selected”.  
Table 1 below shows the key informant personnel within the Gonarezhou area who participated 
in the data collection process. These key informants included professional employees from 
different organisations within the GLTR. These stakeholders include, the Gonarezhou Trust, 
37 
 
the Saphire NGO, the community officers and the community heads. These key informants had 
different perceptions on the ecosystem services and how climate change has impacted the 
services.  
Name  Tittle  Responsibility  
Mr Evious Mpofu  Area manager Overall Park manager: i.e Oversees park activities  
Mr Libombo  community Liaison Officer Liaising with the community member and communicating concerns and 
strategies 
Chief Ngwenyeni  Chief Community head who attains to people’s concerns and the way forward 
within the community boundary  
Mr Honestly  Saphire  NGO personnel  Climate change research, mitigation and adaptation implementation 
strategies within marginal communities  
Mr Adlyte Makondo  Ranger  Park ranger in charge of game monitoring and management with 
statistical calculation provisions. 
Mr Nzombane  Senior Ranger  Management at Mabalauta station within Gonarezhou area  
Mr Tsuro  Chief Assistant  Assisting with community engagement with the Chief  
Mr Makondo 2 Ranger  Patrol ranger within Park premises  
 Table 3. 1: Key Informant interview participants 
3.6 Data Collection and Materials 
The collection of data with regards to the entire GLTR was done separately between two 
countries which include South Africa and Zimbabwe. The initial collection was done in 
Zimbabwe where a sample population of 26 individuals and 8 Key informants provided 
information through questionnaires and direct interviews respectively in which the key 
informants included the professional employees of different NGOs and Gonarezhou Trust.  
Data collection was conducted between 29th and the 30th of May during the time when the 
season was autumn. The other collection process was done in South Africa covering the 
communities within the GLTR in which 32 sample population provided the information 
concerning the research questions which were provided. This process was done between 24 
and 26 August 2019 in the spring season. For ease of collection, the questionnaire was 
subdivided into themes and contained close ended questions which only required a tick of the 
appropriate answer. Only a few suggestions were optional on the questionnaire to allow 
additional information and perception of the people within the DLTR. The themes which were 
included in the questionnaire collectively consisted of everything to do with Demography, 
Ecosystem Services, Climate Change, Landscape change and Livelihoods reflecting the nexus 
amongst each other. A group of people who had attended a public community meeting provided 
a questionnaire information which made it easy for the collection of data regarding that the 
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community members were on one place. For identifying climate change within the GLTP over 
the past 6 decades from 1950, data regarding the weather conditions over the past decades 
taking into consideration different parameters which include temperature, rainfall and humidity 
, data was provided to the researcher by the Metrological department which focus around 
weather within the region. The weather data stretches from 1980 – 2017 with data for rainfall, 
temperature and humidity. However some of the data had to go through cleaning process to 
ensure good and accurate results and ease of usage for better informed decisions and also for 
the purpose of statistical analysis. To determine how the climate has impacted the livelihoods 
of people within the study area questioner administration was done denoting the livelihoods 
within the area where the respondents had to agree to the ones which have been affected over 
the past years. This also showed people’s perceptions on how climate change has an impacts 
on the ecosystem services. 
Ecosystem based strategies, and climate change adaptation measures were based on literature 
according to context of the environment and the data which was obtained through the 
questionnaires. Statistical analysis was also part of the data analysis process which determined 
the information of people’s perception on climate change, ecosystem services and livelihoods 
around the study area.  
 
Figure 3. 2: Research Design flow Diagram for the GLTR  
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3.7 Data Analysis  
The research analysis included the time series analysis which were be accompanied by 
descriptive statistics. Time-series analysis is defined as a “statistical method for data analysing 
from repeated observations on a single unit or individual at regular intervals over a large 
number of observations” (Velicer & Fava 2003).  Additionally descriptive statistics uses data 
for the provision of descriptions regarding the population through numerical calculations, 
graphs or tables which makes it easier for analysis.  Analysis for the questionnaire data used 
the Google sheets tool followed by excel data analysis. The information was put on the Google 
sheets platform which automatically enables the creation of graphs and charts the information 
which was fed in. Descriptive analysis was then used to interpret the graphs and the charts for 
accurate information.  With regards to the rainfall and temperature data, Excel spreadsheet tool 
was used to create the rainfall graphs and charts for ease of analysis. Time series analysis was 
then applied based on the stipulated time on the research data given and this was followed by 
the descriptive analysis of the graphs and the charts which were produced through the use of 
excel spread sheet. Key informant interviews were also analysed using the thematic analysis 
where analysis was done based on particular themes which include climate change, landscape 
change, demography and livelihoods. The themes were then correlated to show the relationship 
and how each influence the other e.g impact of climate on ESS. Additionally Inferential 
analysis basing on the information and data from objective 1,2 and 3 was also used to propose 
sound and well informed ecosystem based adaptation and mitigation strategies. 
3.8 Ethical consideration 
In the world of research, the main emphasis is put on conducting research and publication. 
Whilst the purpose of research is to contribute to the body of knowledge in all aspects of 
academic publications, researchers are obliged to adhere to the humanity standard behaviour 
in conducting and disseminating their research findings (Blumber, Cooper & Schindler 
2005).Therefore as a researcher I consider research ethics to be important and this means that 
all necessary steps will be taken to ensure that the research contributes to the body of 
knowledge without defying the laws of ethics.  
3.9 Conclusion 
The research design in this case for this study showed elements of both qualitative and 
quantitative nature which clearly needed the perceptions of people and the statistics with 
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regards to the analysis of different themes regarding the fore mentioned objectives. However 
different analysis procedures were used for different sets of data which included the weather 
data from various stations and the data from the questioner. To firm up the data from the 
questioner and weather stations, key informant interview as another method of data collection 
strengthens the data required for the various research themes also making it possible to get the 
socio ecological perceptions of various individuals within the GLTR communities. 
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CHAPTER 4 
4.0 RESULTS AND DISCUSSION  
4.1 Introduction  
In this chapter the researcher provides the findings of the results. It reveals the final 
representations of the data collected with regards to all the themes within research which 
include climate change, landscape change, livelihoods and ecosystem services. It shows the 
different results as categorised by each country despite being the same region. In this Chapter 
the researcher also provides analysis of the results of each them and indicates the reason behind 
each scenario and situation.  
4.2 ZIMBABWEAN SIDE  
4.3 Demography and Livelihoods  
Figure 4.1 shows the dominant crops which have been grown for sustenance and commercial 
purposes within the area over the past years. Most of the communities and households generally 
rely on subsistence farming and animal rearing particularly cattle on a small scale, a livelihood 
which have sustained them even in drought conditions. They mostly rely of drought resistant 
crops which include sorghum, sugar cane, maize and cotton. Agriculture in this region is reliant 
of rain fed agricultural activities which makes it more vulnerable to the impacts of climate 
change within the area hence the need for climate smart agricultural strategies. A little 
percentage of the community members however have gained aid and assistance in terms of 
smart agricultural practices such as drip irrigation and use of drought resistant species which 
have enabled them to sustain their livelihoods through vegetable, butternut and water melon 
production which is done mainly for commercial purposes. For example the Saphire NGO and 
Plan international have provided irrigation equipment to the Malipati group of women to 
enhance their crop production whilst enhancing women empowerment towards the SDGs on 
sustainability. 
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Figure 4. 1: Crops which are people rely on within the GLTR (Zimbabwean Side)  
Unemployment is one of the greatest challenges within the region with a rate which is almost 
90% due to the unfavourable economic conditions within the country and local level. With 
reference from the key informant interviews, the situation of unemployment has resulted 
cumulative effects of poaching and livestock theft as a means of survival since there are many 
communities in close proximity to the Gonarezhou trust and the Malilangwe conservation area. 
Unemployment has also resulted in the creation of self-employment livelihoods which include 
seasonal thatch grass cutting for commercial purposes which is practised by the Chilojo Group 
within Malipati and areas surrounding the GLTR. Demography is mostly composed by the 
active population but however depended due to the unemployment situation where only one 
person might be employed within the family relying on less than $100 a month making it a 
challenge to attain the SGDs particularly number 1 on poverty eradication. Many families 
however are living below the poverty line due to economic challenges within the region hence 
over 60% have a household size which is greater than 5. Poverty in this area is directly 
proportional to susceptibility to climate change impacts hence a number of households are 
vulnerable to the adverse effects of devastating events which result from climate change. 
However the area has a vast diversity of natural resources with four of the main rivers flowing 
through the GLTR which include (Save, Mwenezi, Runde and Limpopo) and large savannah 
forest which harbours a number of terrestrials species including large which explains why the 
area became a conservation region. This has however created employment for the surrounding 
communities despite the dire situation of the economy giving residence a different livelihood 
in the conservation sector apart from agriculture. Despite having a rich natural resources status, 
the people within the region remain poor since they do not own the resources according to the 
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legal requirements which put the resources under the governing organisations but with 
responsibility and assurance of corporate social responsibility.  
  
Figure 4. 2:  Word Cloud showing some of the concerns from the affecting their livelihoods 
4.4 Landscape change 
With time the dynamics of landscape is bound to be altered due to various divers and 
circumstances along the way. The Landscape within the study area has shown a number of 
changes which in turn has also been a result of climate change and has cumulatively affected 
the livelihoods and ecosystem services within the area. Figure 4.3 below shows how the 
landscape has changed over the past 20 years based on people’s perceptions.   
 
 
 
Figure 4. 3: Landscape Change 
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Landscape over the past years has gradually changed following the influence of a number of 
drivers and different factors within the proximity of the environment. 76% confirmed that the 
landscape has changed over the past 20 years. With the exponential growth of population and 
the need for urbanisation, the number of buildings have generally increased with some of the 
buildings serving different purposes for the community functions related to communication, 
security and commercial business. With the increase in population, the demand for land is 
proportional which has led to increase in agricultural intensification as indicated in figure 4.3 
especially for food security since the area is mostly prone to frequent drought. This however 
comes with consequences through tillage and erosion resulting in the destruction of the soil 
quality and intense erosion which also goes in contradiction with SGD number 15 with regards 
on life on land. Wildlife has also increased over the years due to conservation related issues 
and policies which were implemented within the Gonarezhou national park and other national 
parks which include Kruger and Limpopo. The merging between the Frankfurt Zoological 
Society and Gonarezhou National park have resulted in an effective partnership which has also 
resulted in the increase of tourism within the region over the recent years. However the increase 
of wildlife has resulted in the human wildlife conflict as the animals cross boundaries into the 
community fields and spaces with community members having problems with elephants 
destroying crops and invading their premises. Due to the exponential growth in population, 
influx of people within the area and urbanisation, the extraction of non-renewable resources 
has become alarming due to additional unemployment factors which has resulted in people 
resorting in net fishing, tree cutting for fire wood and sand mining for brick manufacturing and 
building. This has also affected the soil quality through erosion and washing away of essential 
elements which also allow for binding of soil particles resulting in stranded agricultural 
production. Due to the regulations on deforestation which were set by the environmental 
governing board in Zimbabwe (Environmental Management Agency) and the effort which is 
being put in place by different NGOs with regards to climate change reduction practices, the 
public community have reverted into using renewable sources of energy and also reducing 
deforestation on a larger scale thus abiding to REDD principles. A number of homesteads now 
use the Tsotso stove as an energy source for cooking hence this has also reduced the logging 
down of trees which provide a variety of services within the ecosystem.  
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Figure 4. 4: underlying climate change drivers 
The landscape change within the GLTR has been influenced by a number of drivers mainly 
related to politics, economic influence, culture and natural drivers (figure 4.4).  As the 
underlying drivers of land scape change are interlinked, the increase in one landscape change 
will also accumulatively affect another landscape change hence overgrazing as a driving factor 
has contributed to increase in soil erosion and decline in soil quality.  However a number of 
factors such as the economy, politics and natural forces have also contributed as drivers for 
landscape change. Over half of the sampled population strongly agreed that the economy has 
contributed to landscape change whist 19% also strongly agreed with politics being a driver of 
climate change. People within the community agree with natural forces being more of the 
drivers leading to climate change. This shows how people are closely observing the effects of 
climate change as part of the natural forces leading to the landscape change. Most of the 
landscape changes have been influenced by politics and legislation within the GLTR in addition 
to the economic aspect which have also influenced on a greater extent to the change in the 
general landscape and also the livelihoods of the individuals within the area of concern over 
the past 20years. 
4.3 Climate change impacts  
A number of visible impacts regarding climate change has happened over the past years within 
the GLTR where economic, environmental and social losses were encountered from different 
climactic events which include drought, floods, cyclones and heat waves (figure 4.8). With 
reference to the questionnaire results on climate change effects over the past years, the graph 
below shows the percentage of the individuals who agreed with the effects on certain losses.  
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Figure 4. 5: Graph showing the impacts of climate change in GLTR 
More than 60% of the people confirmed the loss of human lives over the past years due to 
climate change impacts where news reports have also indicated statistics of the number of 
people who have died under extreme events of various natural disasters. Property damage has 
also been evident within the region with some of the public infrastructure still in the state of 
the aftermath destruction due to cyclones and floods brought by the cyclone Eline and cyclone 
Japhet in 2000 and 2003 respectively. Major infrastructure have been damaged and up until 
this time this remain as clear evidence of the devastating destructive consequences of climate 
change. This includes the broken Runde Bridge in Gonarezhou and the Chilonga Bridge in the 
same region which were destroyed by the cyclone Eline in the year 2000. Crop destruction is 
one of the noticeably primary impacts which has been brought by devastating events of climate 
change in an area where most crops are rain fed without irrigation. Destruction of crops has 
been experienced mainly thought drought impacts which is mainly persistent within the area 
with increasing intensity relative to time. Cyclones and floods however have also destroyed a 
number of crops over the past years resulting in food insecurity due to poor harvest as indicated 
by the FAO statistics. The respondents also confirmed to the increase in maximum 
temperatures in which this was also confirmed by the weather data from around the area hence 
this has affected livelihoods of people in terms of crop production. This event is however 
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contradictory to the Paris Agreement in minimising the temperature increase hence the current 
trend shows the gradual increase in maximum temperature. Rainfall deficiency is also another 
major impact which has been affecting livelihoods for a number of years as evidence indicate 
multiple droughts and shrinking of water bodies. A number of water bodies which include the 
pans within and outside the GLTR have also dried up as confirmed by the respondents within 
the communities which in turn puts a strain in the aquatic ecosystems services for human 
livelihoods and animal conservation. According to the Gonarezhou Trust senior ranger on the 
interview contacted, within the period of 2005 and 2009 the area has only received an average 
of three years good rainfall thus the most period of these years accumulatively was only drought 
infested. Such conditions lead to the death and migration of game animals which also affect 
animal conservation with the greatest magnitude mostly in the Transfrontier region which 
serves three countries in terms of wildlife conservation. Death and migration of animals have 
been confirmed in different areas of the region particularly the Gonarezhou Trust which host a 
number of different animal species. Death of animals according to the park records included 
the Hippos, Elephants and Buffalos and these mammals were manly affected due to the 
shortage of water and grazing vegetation which is basically food Tourism however has not 
been affected by the impacts of climate change but has rather improved following the transition 
to Gonarezhou Trust which is a joint venture between the National Parks and the Frankfurt 
Zoological society. Similarly figure 4.5 shows that wetlands destruction within the GLTR is 
more like a myth considering that the area is dry land which does not have much of wetlands 
if not any thus a number of community members have disagreed with the destruction of 
wetlands due to climate change impacts.   
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Figure 4. 6: Rainfall average from 1980 to 2017 
 
 
Figure 4. 7: Average Maximum and minimum temperature from 1980 -2017 
Figure 4.6 and 4.7 shows climate data with regards to rainfall and temperature respectively 
provided by the weather station within the area surrounding the areas in Gonarezhou for a 
timeframe of 37 years from 1980 – 2017. Time series results with regards to rainfall and 
temperature reflect that there has been a fluctuation of the both temperature and rainfall since 
1980 to the recent year of 2017. In 1981 there was an increase of average rainfall which also 
began to decline in the following years. The increase in the rainfall inversely resulted in the 
decline of the both the maximum and minimum temperatures, a trend which kept repeating 
itself over the past years within the stipulated timeline. Within the years 1997 to 2003, an 
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increase in the average rainfall was also experienced, during the years in which the area was 
hit by the devastating natural disaster of cyclone Eline. This also followed a declining trend 
until 2007 when the area also received an outstanding average annual rainfall which is quite 
evident of the chart above. Looking closely at the chart, it is quite clear that the trend line has 
shown an increase in the average maximum temperature over the past years whilst the 
minimum temperature has been increasing. However the trend within the area seems to be 
fluctuating but at higher levels which has also contributed to the presents of natural disasters 
which include drought, floods and cyclones which in turn have also affected the livelihoods of 
the people within these communities.  
 
 
Figure 4. 8: Natural disasters over the past 30 years  
The GLTR has experienced a number of natural disasters which have resulted from the impacts 
of climate change which include drought, floods, wildfires and cyclones. The most common 
natural disaster which have been experienced in the area include drought and cyclones which 
have been reflected with high magnitude and intensity by the community members within the 
area. Drought is the most prominent natural disasters and have been experienced in 1973, 1983, 
1989, 1992, 1994 and 2005. This has resulted from the Elnino effect and the deficiency in 
annual precipitation. The community members also agreed to the flooding natural disaster due 
to the area being a low-veld having a number of tributaries and 4 major rivers which flow 
through the area. These floods have also contributed to a number of losses within the 
community as well as putting a strain on the ecosystem services. Cyclones are also some of the 
major impacts in which 100% of the surveyed population agreed to over the past 30 years as 
they indicated Cyclone Eline which happened in the early 2000s and the cyclone Idai which 
recently affected a small area of the region and beyond. Some of the natural disasters are 
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however minimum and some being unheard of. Wildfires are very minimum within the area 
despite the GLTR being in the Savannah and susceptible to wild fires due to the ever rising 
maximum temperatures. Regardless of the area being a hot area in terms of temperature, heat 
wave natural disasters are minimum according to the questionnaire results as the majority 
disagreed with the presence and occurrence of heat waves over the past 30 years. This is mainly 
because the area is generally hot, experiencing temperatures which are as high as 40 degrees 
Celsius at some point, therefore distinguishing between heat waves and normal temperature is 
difficult. Despite the limited agreement on heat waves by the community members, the key 
personnel interviews also gathered information that in 2014 the area was effected by an 
immense heat wave which resulted in the death of a number of animal species mainly birds 
(Dongos) where the temperature exceeded 40degrees Celsius. This also triggered veld fires 
which destroyed a number of animal habitats and their food sources hence this also resulted in 
unnecessary death of a number of animals hence reduction in population. Landslides however 
have not been experienced within the area as the region is mainly comprised of flat land and 
has vast vegetation which enable soil and rock binding for such a natural disaster to occur.  
4.4 Ecosystem Services 
Most livelihoods within the GLTR rely on various ecosystem services for their everyday 
operations within the community. With regards to provisional ecosystem services the 
environment has managed to supply a wide range of useful natural resources for production in 
addition to food (Figure 4.9). 
 
Figure 4. 9:  Graph showing the availability of the Provisional Ecosystem services and goods in GLTR 
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According to the questionnaire results in terms of the availability of wild fruits within the area, 
88% agreed to the provisional services provided by edible wild fruits since the area is composed 
of vast natural forest with different species of flora which covers the entire GRLR. Different 
wild fruits include the wild Mangos, Babobab fruits and wild berries which are edible for both 
animals and humans with high demand in even beyond the GLTR boundaries. Crops also on 
the other hand have provided a vast service to the ecosystem for both human and livestock as 
part of the provisional ecosystem services. Figure 4.1 shows all the crops which are dominant 
and which have supported the people within the GLTR which include sorghum, maize and 
sugarcane. Fishing provisional services have provided also self-made employment and edible 
food for the ecosystem as the area is the hub for most of the major rivers within Southern Africa 
which include the Save, Mwenezi, Runde (Lundi) and the Limpopo River which marks the 
border between South Africa and Zimbabwe. All these rivers and reservoirs have managed to 
provide fish within the GLTR of different species even in the dry season where there is deficit 
of water, people would survive by cat fish which can hibernate in the mud under extreme dry 
conditions. The abundance of fuel is quite vast with ease of access due to the vast natural forest 
which has not encountered much of deforestation over the past years. Wood is the main source 
of energy for cooking in most of the rural areas within the but due to the intervention of NGOs 
most of the families have reverted to Tsotso stoves as fuel thus 81% have declared that the 
wood is highly available. With much abundance of vegetation biomes medical and cosmetics 
service has been provided to the ecosystem with the use of plants like Alovera and use of 
elephant dung or medical and cosmetic purposes amongst  other plant and animal products and 
by-products. Livestock on the other hand also provides provisional ecosystem services which 
has also catered for a number of livelihoods over the past years. However due to the climate 
within the area, plantations have not thrived within the area and as indicated by the response 
from the questionnaires, 62% of the population have answered that the plantations are 
unavailable within the region. Therefore these provisional services have provided vast services 
directly and indirectly to the GLTR ecosystems and beyond over the past year and still sustain 
a number of livelihoods within the region.  
4.5 Regulatory services 
Figure 4.10 shows the regulatory services which serves to regulate the ecosystem particularly 
from the climate change impacts, pollution, soil erosion and retention. Much of the regulatory 
services globally are facing immense pressure due to changes in weather parameters and 
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various factors and therefore people within the GLTR expressed their views on the degree of 
availability of various regulatory services within the area.  
 
Figure 4. 10: Graph showing the availability of the Regulatory Ecosystem services and goods in GLTR 
Climate regulation is one of the most significant regulatory service which allows for the 
minimisation of natural disaster impacts. Climate regulation is made possible by various 
terrestrial components which include vegetation biomes, availability of various hydrological 
reservoirs which act as natural carbon sinks, windshields to prevent from high direct heat 
temperatures, immense cold fronts and rapid wind velocities. Together with the geological 
components of the region which also allows for the storage of the highest carbon content. The 
community therefore have acknowledge the availability of climate regulatory services from 
their ecosystems supporting a number of livelihoods directly and indirectly. Hydrological 
regulation is also one of the major services which influences the hydrological cycle in a way 
that will not destroy the majority of the species. 68% confirmed hydrological regulatory 
services availability which is also influenced by the number of major rivers and reservoirs 
which flow within the area. The environment has proved to be very much effective in terms of 
waste treatment hence the region is relatively free of harmful inorganic waste and the 
population also indicate waste treatment is a crucial service which is helping the ecosystem. 
Waste treatment availability reached to 69% whilst the moderate availability indicated the 
service by 8% collectively resulting in 77% of availability of the service within the area. Flood 
buffering is also another regulatory service which is also found in the region as being beneficial 
to the ecosystem and has been made possible by the presence of trees and vast vegetation cover 
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within the area. Despite the claim in terms of availability, some of the individuals however do 
not really see the presence of this service to them and the entire ecosystem, rather they see it 
as a scarce service as indicated by the 23% and unavailable service by the rest of the 12% hence 
the community have mixed perceptions on the availability of this particular service.  Pest 
prevention however has been a major drawback in terms of crop production regulatory services 
and this has affected the livelihoods of the people within the GLTR. However most of the 
interviewed individuals indicated that this regulatory service is highly scarce at a larger scale 
and also unavailable within the area.  
4.6 Cultural Services 
The ecosystems have played a very crucial role in terms of the cultural services provision to 
the GLTR. A number of cultural groups takes much value and pride in their ecosystems and 
how best they help them for a number of cultural purposes which benefit the entire region and 
beyond. With reference to figure 4.11, the community members provided their perceptions on 
cultural services within the area and how best they have influenced livelihoods within the 
GLTR.  
 
Figure 4. 11: Graph showing the availability of the Cultural Ecosystem services and goods in GLTR 
Recreation and tourism is part of the cultural services which have been provided by the GLTR 
ecosystem to the general public and the nature in general. 54% of the general population agreed 
that the recreation services is highly available in abundance for the community in terms of the 
service provision through the functioning of the ecosystem. Organisations within the region 
which include the Gonarezhou Trust, Malipati safari and Malilangwe provide a number of 
0 20 40 60 80 100 120
Recreation
Tourism and Ecotourism
Landscape/aesthetic beauty
Education/ interpretation
Scientific research
Traditional Ecological Knowledge
Cultural heritage
Highly Available Moderately Available Scarce Unavailable
54 
 
recreational activities which include fishing, game viewing and trophy hunting. Recreation has 
also created employment and has generated income for the people within the community hence 
it is deemed to be a significant service. Tourism and ecotourism at the same time as a cultural 
service has also been provided by the ecosystem within the GLTR as the 87% majority general 
public also agreed to its availability both on its immense availability and relative availability. 
Tourism has also gained its momentum according to the key informant interviews through 
partnership between the National Parks and the Frankfurt Zoological society. The ecosystems 
in general have managed to beautify the environments in which mainly vegetation is found 
trees, flowers and also animals are considered to be aesthetic enhancement to the environment 
and this is also one of the major cultural ecosystem service which is provided by the GLTR 
ecosystem. This is mainly due to the fact that the area is rich of flora and fauna given the sense 
that it encompasses 3 major national parks in 3 different countries which include the Kruger 
national park, Gonarezhou national park and the Limpopo national park in Mozambique.  
Most of these national parks and the Great Limpopo Transfrontier Park as a whole has become 
to be an educational hub for both research and cultural education at large currently over 50 
publications have been produced in Gonarezhou alone within the Zimbabwean side and more 
research is being conducted by various scholars hence this has also turned to be a cultural 
service which the ecosystem has managed to provide hence indirectly contributing to the body 
of knowledge. According to the cultural ecosystem services graph, generated from the 
questionnaire data, there is 62% high availability agreement of the educational service.  
Besides the modern scientific knowledge, the ecosystem has also provided with indigenous 
traditional ecological knowledge which is generally vast and rich in terms of operational 
information. The people within this region have managed to acquire crucial information of how 
the ecosystem and its component operate over the past years and more information is still being 
generated for the benefit of the community and people coming in. 85% of the sample population 
agree and acknowledge the availability as highly available. Cultural heritage sites have also 
been created as a result of the ecosystem and this has also preserved the origins of various 
cultures, tribes and languages within different clans and communities hence this cultural 
service is highly acknowledged.   
4.7 Key Informants Interviews Analysis 
With regards to the key informant interviews which were conducted within the GLTR the 
individual professionals who are part of the different functional organisation within the region 
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provided helpful insight of how the climate change has been affecting the daily livelihoods of 
the different people, livestock and services within the environment. These professionals include 
senior rangers, area managers, Ecological officers and research personnel from different 
organisations which include the Gonarezhou Trust. Climate change within the area according 
to the interviewees’ interpretation with reference to the natural disasters within the area the 
most persistent and highly present natural disaster in the region is drought. The area has been 
persistently affected by drought due to high temperatures coupled with low annual rainfall 
which in turn lads to the drying of perennial and seasonal water bodies affecting both the 
livestock and the general livelihoods of the individuals in terms of agriculture. According to 
the Gonarezhou Trust senior ranger on the interview contacted, within the period of 2005 and 
2009 the area has only received an average of three years good rainfall thus the most period of 
these years accumulatively was only drought infested. This was also consistent with the results 
from the questioner from the community member who also agreed on the frequency and 
presence of drought in the area and how food shortage has become a major problem over the 
past decades.  
This drought has therefore brought a number of challenges within the region which have been 
confirmed on both a scientific and an ethical point of view. Death of animals have been 
confirmed with different areas of the region particularly the Gonarezhou Trust which host a 
number of different animal species. Death of animals according to the park records included 
the Hippos, Elephants and Buffalos and these mammals were manly affected due to the 
shortage of water and grazing vegetation which is basically food. The birth rate of these 
mammals is said to have decreased between the years 2003 to 2007 due to the fluctuation of 
drought events within the period range. Drought and climate change also brought a number of 
infectious diseases within the region particularly for animals and these included, Anthrax and 
Foot and mouth disease mainly affecting the buffalos, impalas and the Kudus. On an 
conservation perspective, poaching became a major problem with the area, taking into 
consideration that the area is mainly for conservation of animal and plant species. Therefore 
due to drought and other related issues poaching became a major problem in the area where 
poachers are forced to poach animals for commercial purposes especially task animals such as 
the elephants and the Rhinos.  
Heat waves also became a devastating natural disaster over the past years within the area in 
which the temperatures have been gradually increasing with certain periods of extreme heat 
beyond the average annual temperatures. This is mainly due to the change in climate as studies 
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suggest that anthropogenic activities have indirectly resulted in the change of climate for the 
waste in human history. In 2014 the area was effected by an immense heat wave which resulted 
in the death of a number of animal species mainly birds (Dongos) where the temperature 
exceeded 40degrees Celsius. This also triggered veld fires which destroyed a number of animal 
habitats and their food sources hence this also resulted in unnecessary death of a number of 
animals hence reduction in population.  
Climate change has brought about seasonal changes in terms of weather and this has affected 
mainly the livelihoods of individuals over the past years in terms of farming routines and 
grazing periods for grazers and browsers. This has also contributed to how the ecosystem has 
affected the individuals in terms of providing services to the people. Despite that climate 
change has affected a number of ecosystem services and human livelihoods within the GLTR, 
animals have also increased in numbers due to different factors which in turn has also resulted 
in human and wildlife conflicts. The elephants in particular have become a nuisance in people’s 
farms and community areas. Livestock on the other hand have been entering beyond park 
boundaries which resulted in animal and human conflicts, an issue which still arises time and 
again. 
The ecosystem has managed to provide a number of services with reference to cultural, 
provisional and regulatory service as confirmed by both the questionnaires and the key 
informant interviews. The region has managed to provide fishing, recreational, fuel, wood and 
building resources to the communities within the GLTR. This has created a number of 
employment opportunities for various families hence community groups which include the 
“Chilojo group” which mainly focus on cutting and selling thatching grass which has been 
greatly appreciated by a number of tourist and local customers within the region and beyond. 
Mapping of the sacred areas has also been implemented to ensure the perseverance of the 
cultural heritage thus saving as a cultural ecosystem system service. The ecosystem has also 
provided a conducive environment for animal breeding and multiplication but however this has 
brought a number of challenges to the communities within the boundaries of most of the 
national parks within the GLTR particularly the Gonarezhou and the Kruger National Park. 
Elephants and other animals which include the buffalos have increased in population, with the 
statistics of the elephants being aid to have exceeded over 13000 in population in Gonarezhou 
alone. This however has also put a strain on the other provisional ecosystem services which are 
provide by most trees particularly Acacia since these elephants have been destroying most of 
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the Acacia trees over a long period of time which also correlates with the reduction of carbon 
sinks, which in turn affects in desertification and climate change. 
The communities and the individuals within the region have also implemented a number of 
some adaptation strategies which are also enhanced by a number of NGOs and National parks 
within the region. The Gonarezhou Trust ha however focused on the implementation of 5 
objectives related to the 5Cs namely conservation, commercial, communities, connectivity and 
cooperate governance and ethics, so as to ensure that the livelihoods, ecosystem and climate 
change can be monitored. These ecosystem based adaptation strategies the use of drought 
resistant species in crops, drying food for later use and also utilising the adverse climate change 
effects such as solar power to their own advantage of harnessing electric energy. In different 
communities within the region, they have been working with a number of NGOs including 
PLAN International in implementing and managing irrigation strategies as part of the 
ecosystem based adaptation whereby it has also created employment for the people within the 
region.  
4.8 SOUTH AFRICAN-SIDE  
4.9 Demography and Livelihoods  
People within the Great Limpopo Transfrontier region in the South African side reflect almost 
similar livelihoods from their counterparts across the boarders in both Mozambique and 
Zimbabwe. Given that they live within designated communal lands, most of the livelihoods are 
based on the products and services provided by the ecosystem. However the area also exhibit 
distinct livelihoods practices since it has been urbanised. As much as there is reliance of 
Agriculture and conservation people within the area do not plough much of the crops within 
their homesteads but rather rely on buying from the market since the area is much of an urban 
setup. 
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 As shown by figure 4.12 above the community livelihoods are mostly based on nursery which 
include vegetables on small areas within different homesteads. The people within the area also 
plant and yield maize as one of the major crop in the area but they only use this for consumption 
purposes and not selling. Most crops are not compatible with the area hence they are not found 
within the area considering that the environment will not be accommodating for the growth of 
that particular plant. The same applies to livestock rearing, the people within the community 
do not keep livestock mostly within the urban counterparts which include Thouyandou. 
However some parts which include Nzhelele have different but limited livestock due to the 
condition of the area of water scarcity and poor soil quality. Unemployment still remains a big 
challenge considering that 64% is unemployed which in turn results to most of the people 
within the area surviving on less than R5000 a month. This however puts a strain on different 
families with many of them surviving below the poverty datum line hence they seem to be the 
ones who are highly affected by the impacts of climate change due to their vulnerability.  
4.10 Landscape change  
The evidence of landscape change within the GLTR is not a myth considering the increase in 
globalisation, climate change, urbanisation and population in general. The figure below 
illustrates people’s perceptions with regards to the change in landscape over the past 20 years 
within the GLTR in the South African side.  
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Figure 4. 13: Landscape Change within GLTR South African Side  
The general population have agreed to the change in the landscape over the past 20 years with 
over 80% confirmation from the information provided. The building within the area have also 
increased due to intensified urbanisation and increase in the population within the area. This 
has also increased the general urban growth from being a growth point to a town and even 
within the remote counterparts, urban growth has shown some element of life especially for 
ease of access. Increase in such urban growth and population therefore is directly proportional 
to agricultural intensification from the purpose of food security, employment and sustenance 
of the general public therefore agriculture intensification has increased. As each of the pre 
mentioned change in land scape cumulatively leads to change in another, activities such as 
agricultural intensification has also created more problems in water pollution which has also 
been confirmed by the public community members. Water pollution result from fertilisers and 
chemicals being used for agricultural purposes as well as waste disposal by the general public 
which end up in water reservoirs and streams. Despite the increase in forestry plantations within 
the GLTR, soil erosion has also increased over the past 20 years which in turn has disturbed 
the soil structure significantly resulting in decreased agricultural production. Increase in soil 
erosion has been enhanced by the sporadic and erratic rainfall which comes with high intensity 
resulting in heavy runoff through community fields and environments. This can also be 
increased by the deforestation which has also been confirmed by the community members 
through the chart above. However with much intensity and strain on the environments the 
increase in air pollution has been supressed by the vegetation increase and availability despite 
having deforestation issues. Much of the air within the GLTR is not highly polluted and over 
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the past 20 years the air quality has not been greatly altered negatively hence the air quality is 
still regarded as good.  
 
Figure 4. 14: Drivers of Landscape change  
Certain drivers have also affected and influenced landscape change within the region as clearly 
illustrated by the chart above, a number of community member have disagreed that politics and 
legislation have affected the change in landscape within the area. Land reform programme has 
not yet been implemented within the South African side and therefore land belongs to the native 
people under the head of the community therefore political influence is not much prominent to 
affect the landscape change within the area. Most have expressed their perception on how the 
economy has influenced the change in landscape with much of the population agreeing and 
strongly agreeing on the economic influence. The increase in the general GDP since apartheid 
has also influence the landscape change through economics. A larger percentage however 
strongly disagreed on the influence of culture on their landscape change since the place has 
been converted to but in contrary much have also agreed on the impacts of natural forces in 
contributing to the landscape change within the GLTR.  
4.11 Ecosystem Services  
4.12 Provisional Ecosystem Services  
Provisional Ecosystem services have played a crucial role within the livelihoods of different 
individuals in this region. The ecosystem has managed to provide a number of products and 
services which include fruits and crops which are edible for both human and animals. Figure 
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4.15 shows the provisional services which can be found within the study area and the 
availability perception ranking from highly available to unavailable.  
 
Figure 4. 15: Provisional Ecosystem Services  
With reference to the figure 4.15 above, wild fruits are regarded moderately available within 
the area whilst the crops have also been considered as moderately available with regards to the 
highest percentage. Considering that the area consist of a conservation area and some of the 
parts have been highly urbanised, it is quite difficult to get game as food for consumption. 
Game food within the area is highly scarce and this has been a culture which has been 
influenced to encourage conservation within the area.  A number of the community individuals 
have agreed with the scarcity of game food in the area but however fish has been considered to 
be abundantly available in the area looking at the fact that a number of small rivers and 
tributaries rich with aquatic life pass through the region.  The intensity of forestry is increasing 
which has been confirmed by the Figure 4.15 in landscape change. This means that timber 
products can be found within the area thus over 50% of the people in the community have 
confirmed and agreed that timber is readily available in the area. GLTR is region which is vast 
in species diversity for both flora and fauna, this mean the area has a number of numerous 
savannah type of vegetation. Therefore by-products such as wood as a source of energy for 
cooking and other various activities can also be found and derived from the area. Due to the 
abundance of species within the environment, the genetic pool is also diverse providing diverse 
genetic resources which allows for hybrid species and diversity. The region also provides 
conducive grounds for livestock breeding and survival thus also directly provides livestock as 
part of the provisional ecosystem services from the ecosystem.  
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4.13 Regulatory Services  
 
With regards to the regulatory services provided by the ecosystem, most of the services are 
found in moderation as indicated by the chart in the figure below. Regulatory services have 
been overwhelmed by various factors attributed to urbanisation, globalisation, general 
development and population increase.  
 
Figure 4. 16: Regulatory services within the GLTR  
Soil erosion and control is moderately available due to a number of factors which also include 
environmental management implemented principles in farming and deforestation which allows 
people to plough across hill slopes and limit deforestation. Hydrological regulation is also 
another regulatory service which is found in moderation but due to urbanisation and building 
of tarmac surfaces within the area, the hydrological process has been altered by the human 
activities but the regulation is still being provided by the ecosystem to ensure a functional 
hydrological process. Due to the conducive weather which allows for the existence of different 
species, pollination of useful plants has been made possible through bees, birds and wind and 
this has resulted in automated pollination through naturally initiated processes thus being a 
useful regulatory service which is also abundantly found in moderation.  Water treatment and 
soil purification regulatory services are also found in moderation as confirmed by the results 
from the study population. Flood buffering regulatory service however is scarce due to the 
topography of the area and related factors. The GLTR lies within the low-veld where almost 
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all tributaries flow through hence it receives much overwhelming overflow which the 
environment cannot handle resulting in flush floods. Pest prevention is also a scarce service 
within the region given that most crops are usually affected by different pest in the growing 
season resulting it stranded growth and low yields. However the air quality regulation has been 
highly available for the past years and the communities have benefited directly from this 
regulatory service directly and indirectly with over 50% of the sampled population confirming 
its availability. Nursery regulatory services can also be found in abundance within the GLTR 
together with food web maintenance considering that it’s a conservation oriented community. 
Climate regulation on the other hand has been scarce due to the resultant effects of climate 
change through devastating weather impacts showing that the environment is being 
overwhelmed to the extent that it is failing to regulate the climate copying with the pace.   
4.14 Cultural Services  
 
Cultural services as one of the prominent services provided by most ecosystems, they 
determine a number of factors including the livelihoods and the norms in which people operate 
in their day to day lives. Figure 4.17 shows the cultural services within the GLTR and people’s 
perceptions on the availability status.  
 
Figure 4. 17: Cultural Ecosystem services  
As indicated by the cultural chat above, evidence shows that most of the cultural range of 
services are basically available in both high abundance and in moderation. Cultural heritage 
cultural service is one of the most abundant service which is available in the area as close to 
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80% of the people have confirmed its availability. This is because the region has evolved under 
different dynamic cultural activities which still make use of the ecosystem as it provides 
services to the entire communities. Usually cultural heritage goes hand in and with the 
traditional Ecological Knowledge which might also be referred to as the indigenous knowledge. 
Traditional Ecological knowledge has helped the communities from encountering loss, harm, 
danger, death and also even in achieving big things within the context of their livelihoods. 
Therefore the sampled population indicated that the traditional knowledge is at most 
moderately available within the region which they still use for their current livelihoods. The 
GLTR has become a hub of research for different studies which include ecology, climate 
change, environment, conservation and ecosystem services, a range of scientific information 
which has contributed to humanity adding to the closing of different knowledge gaps in 
academia. Education provided by this regional ecosystem is not only scientific but also 
traditional and indigenous knowledge thus the community members have agreed and expressed 
that the education and scientific research services are available within the region and have 
continuously helped the people within the communities and beyond. However tourism and 
recreation have provided sceptic perception for community members in deciding if it is 
available or not as both availability and unavailability is almost the same percentage. The 
greater number of people showed that recreation is moderately available but with ecotourism 
most people also indicated that it is unavailable within their region.  
4.15 Climate Change  
Climate change impacts are not selective of country boundaries therefore they have affected 
different parts of the GLTR in a number of ways. These climate change impacts are mostly 
devastating mostly in poor communities resulting in major losses in life, infrastructure and 
changes in landscape. Figure below also shows the impact which have been experienced by the 
people within the GLTR coupled with the degree of intensity.  
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Figure 4. 18: Climate change impacts  
Climate change impacts according to the questionnaires results have led to damage of property 
as confirmed by the chart above showing how the population agreed to such conditions having 
taken place. These impacts have also affected in food security resulting in the crop and 
vegetation destruction as much flash floods, droughts and hail storms are accompanied by 
devastating weather conditions which destroy crops meant for food consumption and survival 
of livestock. The community members within the region have also agreed with the loss of 
livestock due to climate induced impacts which include drought, cyclone and floods. In most 
cases drought has affected livestock to a greater extent within the GLTR which has resulted in 
mortality and decrease in livestock production. Looking at the poverty situation of this region, 
it is quite clear that the people cannot afford medical assistance and therefore with the 
additional climate impacts this increases the health status of individual and therefore over the 
past years due to such the health of people has also deteriorated all factors remaining constant. 
Average rainfall has also decreased over the past years due to the effects of climate change the 
general global trend within the Southern Africa has shown average decrease in the rainfall as 
confirmed by the questionnaire results. Rainfall decease goes in contrary with the temperature 
and this means that the less the rainfall the more the temperature which means that the average 
monthly temperature has increased over the past years which close to 98% of the population 
agreed to as indicated in the chart above. With the increase in temperature and decrease in 
annual rainfall, droughts are likely to be more prominent in such situations and therefore this 
has been evident within the GLTR as the increase in temperature has led to episodes drought 
infestation resulting from the effects of climate change. This also leads to the drying of the 
water bodies which has also occurred in the study area where water bodies have dried up 
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following drought and climate related impacts. Such conditions have accumulatively led to the 
decrease of crop yields and migration of animals seeking food and greener pastures in other 
areas which also have contributed to human and wildlife conflict considering that most 
communities boarder the conservation area around Kruger national Park. However this has not 
necessarily decreased or increased the tourism as communities have indicated through the 
questionnaire with the same proportion agreeing and disagreeing with regards to impacts of 
climate change on tourism.  
 
Figure 4. 19: Temperature fluctuations within GLTR (Venda area) 
 
Figure 4. 20: Annual average rainfall in GLTR (Venda area) 
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Figure 4. 21: Average yearly humidity  
Different weather parameters have evolved differently over the past decades as indicated by 
the graphs in figure 4.17 and figure 4.18. Maximum temperature within the area of Venda (part 
of the Great Limpopo) has gradually increased over the past years due to the greenhouse effect 
which is being initiated by a number of activities including trade and globalisation. In 1972 
there was a mere decrease in the maximum temperature value which kept on fluctuating at 
optimum levels up until 1993 where there was a simultaneous rise in both the minimum and 
the maximum temperature. This contributed to drought occurrence in the particular region by 
this time. However as the time passed in decades, both the minimum and maximum 
temperatures kept fluctuating as they gradually increased and by 2015 the temperature reached 
a peak of maximum temperature which had never been recorded before. This also corresponded 
to the accumulation of greenhouse gases within the Limpopo Province as indicated by 
provincial statistics. Therefore the general trend of temperature rise over the past years in terms 
of the maximum and minimum temperature is continuously increasing with time hence the 
Paris Agreement signed for the minimisation of GHGs to reduce global warming which mostly 
affect the marginal communities in developing countries. In contrary the average rainfall within 
the area was experiencing a major decrease in trend from the year 1986. From 1986 to 1978 
the general average annual rainfall increased which was being influenced by different air 
masses of different origins the equatorial convergence zone and the subtropical eastern 
continental moist maritime. As the decades progressed the rainfall average continued to 
fluctuate with the most annual rainfall value being received in 2000 which was the year when 
the area experienced cyclone Eline, a stage 4 Hurricane which led to much devastation due to 
access rainfall. However in during the year 2012 Limpopo encountered reduction in rainfall 
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capacity which culminated into a major drought by the year 2016 (Maponya & Mpandeli, 
2016). The trend seem to be continuously decreasing with time thus the evolution of climate 
change.  
 
Figure 4. 22: natural Disasters experienced within GLTR 
The impacts of climate change can be seen through a number of natural disaster which are 
different in a number of regions globally. With reference to the GLTR the natural disasters 
which have been quite evident include drought as one of the major persistent natural disaster. 
Some of the natural disasters which have affected the community and have been agreed to by 
the community members include floods, heat waves and cyclones as shown in figure 4.22 chart 
above. Floods have also affected the area due to its geographical location where most rivers 
flow through hence over the past years the area have been considered to be prone to flooding 
natural disasters. Cyclones have also been encountered within the area bringing about various 
economic, social and environmental challenges over the past years. These include Cyclone 
Eline in 2000, cyclone Demoina in 1984 and cyclone Dineo in 2017. Wildfires rarely occur 
within the area and 82% disagreed to the existence of the wildfires within their communities 
over the past 30 years. However heat waves have been frequently recorded as prevalent and 
have resulted in the death and destruction of crops over the past years affecting a number of 
livelihoods within the GLTR.  
4.16 Conclusion 
The findings of this study clearly shows a number of changes within the climate, landscape 
change, altered livelihoods and how these have affected a number of ecosystem services around 
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the area of concern. The results demonstrate the existence of climate change over the past 
decades as indicated by the trend of annual rainfall and the increase in the maximum and 
minimum temperatures which also confirmed by the frequency and availability of natural 
disasters. The patterns of landscape change do however reflect the influence of several factors 
including climate change on the ecosystem services and the general environment in the area 
hence this has also put a strain on various ecosystem services.  
Demographic data however has also shown major poverty challenges which also contribute to 
hoe the livelihoods have been affected how the communities are vulnerable to climate change. 
Perceptions on all categories of the ecosystem services also indicate a positive feedback as 
much of the ecosystem services are provided by the ecosystem to the community members. In 
the current research study, there is a relationship amongst the ecosystem services, livelihoods 
and climate change which indicates the need for both social ecological data interpretation to 
accompany and solidify the scientific conformation of the conditions and context of the GLTR.  
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CHAPTER 5 
5.0 SUMMARY AND CONCLUSION  
5.1 Introduction 
This chapter discusses the results of the research and also gives recommendations for further 
research practices. The first part of the chapter mainly focuses on the results and highlights 
which support the objectives of the study whilst the second part propose recommendations to 
ecosystem-based adaptation and climate change which is the main concern on ecosystem 
services within the GLTR . This part therefore concludes the research.  
5.2 Summary   
This study surveyed and observed the livelihoods, ecosystem services, climate change impacts 
and landscape change within the GLTR, an area which covers South Africa and Zimbabwe. 
Literature was mainly focused on the people’s livelihoods and ecosystem services and how 
they have been affected by climate change over the past years within trans-boundary regional 
environments which mostly rely on various ecosystem services for their livelihoods. It was 
found that based on the questionnaire administration and observation, climate change impacts 
have imposed devastating consequences on the livelihoods of people especially these marginal 
groups which in turn has also affected the services (provisional, regulatory and cultural) which 
are being provided by the environment thus more copying and mitigation measures should be 
implemented for survival. The study within the area of concern was aligned to the time period 
which clearly depicts the onset of climate change (Over 30 years and beyond) and also ensuring 
that first-hand information will be acquired from the people who have encountered the natural 
disasters over the 67 (From 1950-2017) past years and beyond. 
Research was undertaken on the basis of livelihoods within the GLTR and the intention was to 
determine and observe how climate change has impacted on the landscape change, livelihoods 
and ecosystem services. Case studies shows how a number of ecosystem services have been 
impacted by the climate change and how people are copying in such conditions existing in such 
constraints to their livelihoods. The available ecosystem services were acquired in a sample 
survey through questionnaire distribution to get both the qualitative and quantitative data 
relevant to the study. Weather has changed over the past years since 1950 as determined by its 
parameters which include rainfall and temperature in which average annual rainfall has 
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decreased whist monthly maximum temperature has increased over the past decades. 
Consequently climate change has contributed to the vast change in landscape, alteration of the 
ecosystem services and devastating impacts on the human livelihoods. 
As climate change has become evident, change in the weather parameters have also responded 
significantly resulting in extreme natural disasters which include droughts, floods and 
cyclones. This has put a strain on the livelihoods of people within the Great Limpopo 
Transfrontier Region (GLTR). In this section relevant issues which have affected the way in 
which people live their everyday lives will be discussed with reference to climate change and 
ecosystem services. The initial concerns include the impacts of climate change on the 
ecosystem services and livelihoods whilst the second concerns looks at the evidence of climate 
change through the change of trend within the weather parameters (rainfall and temperature).  
In principle, weather parameter showed the evidence and presence of climate change within 
the region which has led to natural disasters such as floods, cyclones which include the cyclone 
Japhet and Eline in 2002, as well as the frequent and intensified droughts within the area. This 
has affected a number of people resulting in loss of life, crop destruction, drying of water bodies 
and destruction of property which therefore requires aid and capital to renovate and ensure 
provision of food for human and animal survival. The people who have been experiencing such 
conditions within the region are living below the poverty datum line with most of them relying 
on below $100 a month for basic necessities. Over 60% of the population within the region are 
unemployed individuals who mostly rely on informal trading for survival. Most of the of the 
communities within the surrounding areas of the Great Limpopo Transfrontier region rely on 
mostly subsistence agriculture as part of their livelihoods although the conservation 
organisations provide aid, endorsement of projects, education and employment to the 
surrounding communities as part of cooperate social responsibility.  
The surrounding ecosystem within the area provide a number of services which include the 
provisional, regulatory and cultural ecosystem services. Climate change has affected a number 
of services globally (Kees van der Geest 2018). In terms of the provisional, much of the services 
are highly available considering that the area is mainly surrounded by abundant flora and fauna 
with the people and communities having conservation principles. Despite having flora and 
fauna abundantly available in their area, the people have refrained from unsustainable practices 
of poaching or excessive deforestation due to the education which is being administered by the 
NGOs including the conservation organisations which include the Gonarezhou Trust and the 
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Kruger National Park. Regulatory services which include flood buffering and climate 
regulation are being overwhelmed by the change in which the climate is changing and therefore 
are failing to cope with the rate at which the events are going. This explains why much of 
climate change is happening at such a great pace leading o devastating impacts on the 
environment and the ecosystem in general. Climate change therefore has affected these services 
altering ways and times in which the services have been derived, and regulation to various 
diseases such as Malaria.  
Landscape has changed significantly especially in the past two decades resulting from 
urbanisation, population increase and climate change within the GLTR. This has resulted in 
intensified agriculture, expansion of forestry, water pollution problems and decline in the soil 
quality. However some of the landscape elements haven’t changed for the worst although there 
is evidence of climate change. Air quality has remained less polluted over the past years and 
this is because of the state of the environment which is naturally reach in vegetation which 
assist in greenhouse gas and carbon sequestration in addition to the area and region being far 
from industrial process and heavy transport pollution. The change in landscape has been 
influence by a number of driver which also affected the ecosystem services as indicated by the 
Millennium Ecosystem Assessment which include political drivers, social drivers, as well as 
natural drivers (MEA 2005).  
The trend in global temperature is generally rising Global temperature change (James Hansen 
et al 2006) and therefore this is corresponding to the temperature rise from the past 60 years 
and beyond within the GLTR where there has been a rising trend with regards to monthly in 
both average maximum and minimum temperatures. This means that the area is getting warmer 
with increase in time. In contrary, the average annual rainfall has been decreasing steadily but 
with the presence of climate change, the region has been experiencing episodes of sporadic and 
erratic floods and destructive cyclones accompanied with hails storms. Therefore the change 
in the weather parameters is corresponding to the impacts of climate change within the GLTR. 
Figure 5.1 below show the general framework of the entire research with regards to climate 
change, ecosystem services and livelihoods within the GLTR and how each of these are 
interlinked throughout the system. The research therefore has developed a framework that 
assist in the understanding of the nexus between livelihoods, climate change, ecosystem 
services and landscape change. The interaction amongst all these aspects reflects a close 
connection in which the effect on one will consequently result in the effect of another. This is 
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however crucial to note in order to implement sound decisions with regards to mitigation and 
adaptation within the context of the study area.  
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Figure 5. 1: GLTR Climate Change, ecosystem services, landscape change and Livelihoods framework 
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5.3 Objectives revisited 
The overall aim of the study was to assess the trans-boundary impact of climate change within 
the Great Limpopo Trans-frontier region. Despite the limitations which were incurred, we 
believe that we managed to achieve the desired results with regards to the data which was 
attained from the community members, key informants and the various weather stations from 
the two different countries. Climate change was clearly identified in both qualitative and 
quantitative means through the use of the questioner data and the trend of weather parameters 
from the weather stations in both South Africa and Zimbabwe. The researcher managed to 
identify the dynamic state of climate which has gradually shifted With regards to the climate 
impacts on the livelihoods of the people within the GLTR the achievement of results generation 
were done through the questioner and key informant personnel interviews which listed all the 
possible well known natural disaster where the community members would indicate if the 
disaster has been encountered over the past 20-30 years. We managed to determine the existing 
natural disasters affecting livelihoods within the study area. 
In objective 3 as intended, we identified how climate change affects or impacts ESS in the 
GLTP (Provisional, cultural, regulatory) with time and how some of the ecosystem services 
have been depleted over the past years. It was a bit challenging for some of the community 
members to understand the meaning for the term ecosystem services but however managed to 
translate in a way understandable for the recipient. A final task was done to propose ESS based 
strategies and Climate Change based adaptation in GLTP that mitigate, and strategies allow 
adaptation to climate change.  Recommendation on the ecosystem bases strategies which also 
take into account climate smart practices where suggested for better decision making within 
such conditions. 
5.4 Limitations 
As much as the research covered the Great Limpopo Transfrontier region the study only 
focused on two countries which include South Africa and Zimbabwe without Mozambique 
being included. Due to accessibility reasons, the researcher did not manage to cover 
Mozambique which is also part of the GLTR. Intra-community accessibility was also a 
challenge considering the state of the landscape which requires risk taking through crossing 
major rivers like Runde River. This also limited the research team from accessing some of the 
community members who are also part of the GLTR in order to get concrete perception on how 
climate change has affected the livelihoods and ecosystem services.  
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Accessing complete weather data from certain specific years was also another limitation 
especially in the Zimbabwean side where we only acquired original weather data from the 
weather stations which was only from 1980 and beyond. Additionally some of the weather 
parameters missed some recording especially the humidity parameter which did not show much 
of the results records over the past years. This also gave limitations in trying to draw the 
graphical model of the humidity parameter over the past years within the study area. Another 
limitation was related to the terms and definitions of ecosystem services in which some of the 
people did not understand what it means and therefore required explanation and lenience to be 
able to get the answers which would require more time on a single person.  
5.5 Suggestions for future research 
 
1. Include the regression analysis method and implement future prediction model within 
the context of the study area to know the likely effects of the climate change on the 
existing ecosystem services in future. This would help in making sound decisions 
knowing the magnitude and frequency of presented impacts of the climate change on 
the livelihoods of different people within the area.  
 
2. Since the area focused on the Great Limpopo Transfrontier region, the regions also 
includes Mozambique as part of the GLTR but however was not included in the study 
area. Therefore including the entire countries and regions of the GLTR will also expand 
the body of knowledge in different countries and ensure that the results cover the entire 
region since they are affected by almost the same disasters.  
 
3. In depth exploration if the dominant and specific ecosystem services within the area 
would also allow for further research and in depth knowledge on a particular ecosystem 
service. This also allows for the ecosystem service mapping within the area which is 
highly recommended to know the actual services which are highly available in a certain 
area of the region and how best to maintain them.  
 
4. Use different tools of analysis and coding to ensure consistence in results from various 
analysis tools making the results more reliable and useful. This will also ensure 
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accuracy in the final results, and might include the use of different software such as 
Matlab and Arcgis.  
5.6 Recommendations 
5.6.1 Climate Smart Recommendations 
With climate change showing its devastating impacts on humanity and the environmental at 
large, smart implementations of survival strategies are vital. Over the past decades, the fight 
against climate change has resulted in a number of innovations which also include 
technological and technical innovations to ensure mitigation and adaptation to climate change. 
However natural disasters that are climate driven have surpassed human activities mitigation 
strategies and therefore more robust innovations have also been implemented to ensure that the 
livelihoods of people are sustained particularly in the marginal regions. Some of the strategies 
for a climate resilient global community include climate smart agriculture, technical solutions 
and government driven strategies along with other strategies.  
5.6.2 Implement Climate Smart Agriculture strategies  
Climate Smart Agriculture is defined as an approach that assist in the guidance of actions which 
are needed to transform and reorient the agricultural systems in order to effectively support 
development and ensure food security within the changing climate (FAO ). Overally there are 
a number of climate smart practices which can be implemented depending on location and 
other related factors across the globe.  
5.6.3 Implement water management strategies  
Four main pillars should be considered with regards to the adaptation of water resource 
management to climate change (McCornick et al., 2013). These pillars include: 1) Water 
resources and risk assessment to agriculture productivity 2) Innovating smart water storage 
technics such as ground water banking whilst ensuring aquifer recharge management and 
retention conserving moisture within the soil 3) Increase food production per unit of water by 
boosting rain-fed agriculture and the management of climate-induced water variability through 
supplementary irrigation; and 4) resilience enhancement through improved water management 
technological innovations and implementation with diversification of income strategies. 
Irrigation is one of the most significant solution in climate change adaptation (Santikayasa et 
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al. 2014). In terms of water management, drip irrigation has come in handy and efficient as 
emerging technology developed to respond to climate change and other different beneficial 
factor included (Venot et al. 2014). Water management stakeholders together with different 
researchers have partnered up to ensure the facilitation of heterogeneous viewpoints inclusion 
within the developed countries for extended choices of adaptation strategies. In East Africa the 
minority stakeholders have been able to express their view points on adaptation proposals 
(Ferrand et al. 2009). Through use of a participatory modelling and simulation kit Wat-A-Game 
(WAG) as a way to get the communities and the local government involved in environmental 
stewardship and (Legrand et al.2014). Drilling of boreholes and wells can also be done for 
conservation purposes where artificial pans can be constructed to make sure that in a state of 
water deficit, animals can get water for consumption there by reducing problems of death and 
migration. Kruger National Park is one example of a conservation area which has implemented 
the idea but however some parts of the GLTR have not yet drilled boreholes and wells.  
5.6.4 Promotion of context-driven climate-smart solutions 
The promotion of context drive smart climate strategies include taking time to invest in 
ecosystem-based adaptation (EBA) solutions and also enabling the environment to boost and 
facilitate climate smart adaptation. Climate smart agricultural adaptation is mainly based on 
contextual experience hence indigenous knowledge should be enhanced for sustainable 
agricultural development and sustainable intensification which are based on agro ecological 
approaches of CSA (Campbell, et al., 2014). Ecosystem based adaptation and smart agriculture 
enhances sustainability and more efficient ways of utilising resources which builds adaptation 
and mitigation solutions through experience of resultant livelihoods effects in yield production, 
and greenhouse gas emissions. Drought resistant crops and animal species are very crucial in 
the adaptation strategy which is ecosystem based, and this has helped a number of other small 
holder farmers in different areas such as Gwanda in Zimbabwe. Improved system of analysis, 
decision support models and small-scale irrigation technologies suitable for smallholder 
farmers (Giordano, et al., 2012). Another adaptation strategy also includes sustainable food 
consumption to avoid food loss but taking into consideration balanced diet consumption.  
5.6.5 Policy coordination and strengthening of regional and national institutions in 
supporting climate-smart agriculture implementation:  
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Institutional structure is the basis of how the principles and strategies of climate smart 
agriculture should be implemented. Without proper structures within the governing institutions, 
small holder farmers are more likely to be overwhelmed by the implementation of the Climate 
Smart agriculture. Therefore a robust institutional structure is required for inclusivity 
promotion within the context of decision making, information dissemination improvement, 
market access and provision of financial support, insurance provision to cope with the 
associated risk related to climate whilst adapting new practices and also supporting the 
collaborative effort inputs by the small holder farmers. Collective action by a number of 
organised institutions can play a number of roles in the support and adoption of the climate 
smart agricultural strategies and these include public and private sector organisations, 
educational and research institutions and the civil society organisations. Apart from advocating 
and coordination in financial related issues, the national government should be transparent and 
open enough to work across the different sectors since the market significance is directly 
proportional to the significant roles of these small holder farmers. Public and private 
partnerships are very crucial in the development of the agribusiness under climate stress 
conditions in fostering the smart agriculture whilst insuring food security (AGRA, 2014: 183-
185). 
5.6.7 Agricultural investment cost benefit analysis on national level 
 
Thorough analysis of proposed technological and infrastructural investment can assist decision 
makers in making sound decisions whilst avoiding the maker risk of loss. Different modelling 
and assessment initiatives have helped a number of countries with little planning capacity in 
predicting the more likely outcomes of different adaptation strategies taking into consideration 
different factors, scenarios and location whilst considering various alternatives (McCornick et 
al., 2013). High revenue generating technologies are considered suitable for overcoming 
barriers of adoption and on the other hand agricultural conservation technologies with high cost 
and need for machinery purchases can also be used in the endorsement of famers in the support 
of commercial development of markets for mechanisation in the small scale. Climate smart 
agricultural national policies and frameworks increase technology adoption by farmers. The 
harnessing of larger and appropriate climate smart strategies should be done in order to acquire 
high returns for sustainability in terms of agriculture (AGRA, 2014: 183-185). Involving the 
farmers in different stages of project implementation from planning enables their input to be 
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used whilst ensuring that targets are met within the context of relevance to the local 
communities. For example, adoption of climate smart agricultural innovations such as rain 
harvesting, conservation agriculture, precision irrigation, among others have potential to 
address climate related challenges in Zimbabwe and South Africa.  
5.6.8 Disaster management and warning enhancement  
 
Since the impacts of climate change are mainly hydro-meteorological in nature, improvement 
of disaster preparedness is crucial for communities around the GLTR. Rapid response and 
recovery protocols should be put in place to ensure limitations to loss of lives. Establishing the 
disaster management units within such vulnerable areas putting it in policies and providing 
training in such scenarios will also help in such incidences. Contingency planning and early 
warning systems should be financed since some of the areas are primitive enough not to access 
the information due to economic conditions and environmental challenges encountered in the 
area, therefore providing a way of communication to such individuals also helps in the 
management process. The supporting of early warning systems enables prediction of various 
natural hazards for efficient responses and minimising losses. According to the (GFDRR 2010) 
Global Facility for Disaster Reduction and Recovery, the rate of natural disasters have 
increased gradually which has resulted in enormous losses and therefore more and more 
innovative ideas on managing and recovering from disasters should be implemented especially 
in vulnerable areas.  
 
5.7 Final conclusion 
 
While the study acknowledges how the ecosystem has contributed to the provision of services 
globally for the sustenance of life on earth, it also confirms the presence of climate change 
reflecting on how it has impacted and caused a number of environmental and socio-economic 
problems on the livelihoods of various individuals within the rural counterparts of marginalised 
countries in Southern Africa. This study showed how climate change has affected the 
environment in changing landscape which in turn affect the rate of different processes including 
carbon sequestration in limiting the GHGs within the atmosphere. It also showed people’s 
perceptions on the ecosystem services within their environment giving them a sense of 
acknowledgement of what the environment can do for them whilst incorporating a principle of 
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conservation and stewardship in environmental sustainability. The findings of this study also 
contribute to the body of knowledge considering that the information regarding the ecosystem 
services and climate change is limited particularly in Africa. Ecosystem services are the basis 
of human survival and therefore need to be constantly monitored and managed to have 
knowledge of the next step in the process of decision making. However this study also provide 
recommendations with regards to mitigation and adaptation measures which should be 
implemented to ensure climate preparedness and survival with regards to food security, disaster 
preparedness and management. Understanding the impacts and livelihoods of the marginalised 
groups would be an effective way to help them adapt and be better prepared for event to com 
since they have less information with regards to climate change and related scientific 
discoveries. 
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APPENDICES 
Appendix A: Key Informant Interview guide 
INTERVIEW SCHEDULE 
Interview Questions for the research on The Impacts of Climate Change on 
Ecosystem Services and Livelihoods within the Great Limpopo Transfrontier 
Region 
Theme Question 
Climate 
Change 
How has climate change affected the ecosystems, biodiversity and 
infrastructure within the Park? 
*heat waves
*Drought
*Floods
*Other related natural disasters
Climate 
Change 
Are there any measures that have been put in place to ensure 
adaption to the effects of climate change? 
-mitigation and adaptation
Ecosystem & 
Biodiversity  
Is there an increasing or decreasing trend in the number of animals 
(population), animal Species, vegetation cover etc? 
-relationship with the communities
Sustainability How does the park help the community as part of cooperate social 
responsibility and sustainability?  
Closing 
comment 
Are there any other comments which you might want to add 
regarding park activities, tourism etc? 
Interviewer: Ephraim Mpofu Interviewer: Ntlakala Boitumelo Selamolela 
Date:………………………………………..   Date:……………………………………….. 
Signature………………………………… Signature………………………………… 
Student @University of Johannesburg  
Student number 218107738  
Faculty of Engineering and Built Environment 
Student @University of Johannesburg 
Student number  
Faculty of Engineering and Built Environment 
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Appendix B: Consent Form 
Impacts of Climate Change on Ecosystem services and Livelihoods within the Great 
Limpopo Transfrontier Region. 
Consent Form 
Introduction 
You, _________________________, have been asked to be in this research study, which has been 
explained to you by Ephraim Mpofu. This study is being conducted by Ephraim Mpofu Masters 
Student in Sustainable Urban Planning and Development; Prof Walter Musakwa PHD associate 
Professor in the Department of Town and Regional Planning at the University of Johannesburg. This 
research is being conducted to fulfil the degree requirements for Masters in Sustainable Urban Planning 
and Development at the University of Johannesburg, under the supervision of Prof. Walter Musakwa, 
PHD Associate Professor.  
Purposes of the Study 
The purpose of this study is to identify people’s perceptions on the impacts of climate change on 
ecosystem services and livelihoods within the Great Limpopo Transfrontier Region (GLTR).  
Description of Procedures 
This study involves answering questions regarding the experience in climate impacts, availability of 
different ecosystem services, landscape change and demography and it will take approximately about 
10min to participate in the study. You will be asked to fill out a questionnaire regarding landscape 
change. This will take approximately.  You are requested to respond to all the questions. You will have 
the opportunity to see the questionnaire before signing this consent form. 
Risks and Discomforts 
There are no known or expected risks for participating in this study, except for the mild frustration 
associated with answering the questions. You may decide at any time to quit the study. 
Benefits 
You may not receive any direct benefit from this study. The knowledge gained from this study may 
eventually benefit others. 
Financial Considerations 
No payments will be made for participating in this study. 
Confidentiality 
Any information about you that is obtained as a result of your participating in this research will be kept 
as confidential as legally possible. Your research records and test results, just like hospital records, may 
be subpoenaed by court order or may be inspected by federal regulatory authorities without your 
additional consent. 
Audiotapes or videotapes will be kept locked and will be destroyed as soon as possible after the 
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research is finished. In any publications that result from this research, neither your name nor any 
information from which you might be identified will be published without your consent. 
Voluntary Participation 
Participating in this study is voluntary. You are free to withdraw your consent to participate in this 
study at any time. Refusal to participate or withdrawal will not affect [your class standing, grades, etc. 
as appropriate] and will involve no penalty to you. 
You have been given the opportunity to ask questions about the research, and you have received 
answers concerning areas you did not understand. 
I willingly consent to participate in this research. 
_____________________________________ Signature of Subject 
_____________________________________ Printed Name 
Date __________ Time______________ 
_____________________________________ Signature of Investigator 
_____________________________________ Printed Name 
Date __________ Time______________ 
Contact Persons 
Form more information about this research, you may contact Prof Walter Musakwa and Ephraim 
Mpofu at wmusakwa@uj.ac.za and ephmpofu@gmail.com. This research has been approved by the 
Department of Town and Regional Planning of the University of Johannesburg for research with 
human subjects.  
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Appendix C: Questionnaire  
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